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4 CHAPTER I. Introduction ; aS Ee hse Scale Fire 


1. The Authority of the Secretary of. the ‘interior. Dunder the. 
Mining Laws. ree, .; 


> The authority of the Secretary of the Interior with respect to public 
5 lands is set forth in Cameron v. United States, 252 U.S. ° 450, (1920), 
where the U.S. Supreme Court said: . oe te nya te : 

“By general statutory stdeisiouts? ‘the ex cutdon of the laws 
regulating the acquisition of rights 1n the. public lands and 
the general care of these lands’ fs. confided to the Land 
Department, as a special tribunal; and: Bhe- Secretary of the 

) Interior as the head of the Department, is. charged with Oe ft mec! 
seeing that this authority te rightiy exercised, to the end 
that valid claims may be recognized, invalid ones 
eliminated, and the rights of: the public ‘preserved. 


' The power of the Department to inquire into the extent and 
validity of the rights claimed. against the Government does 
not cease until the legal title has passed. [The 
Department's] province is that of determining questions of 
fact and right under the Public Land Laws, of recognizing 
or disapproving claims according to their merits, and -of 
granting or refusing patents as the law may give sanction 
for one or the other.” 


The authority to administer the mining law program has been delegated to 
the Director of the Rureau of Land Management (BLM) by the Secretary of ‘the 
Interior. The Departmental Manual states that “The Bureau is responsible 
for mineral and realty activities on all the public jands and for mineral 
activities on large areas of Federal land managed by other agencies. This 
includes the administration of the General Mining Laws." (See 135 DM 1. 3B 
3 and 235 DM 1.A.) The BLM's authority in this regard emanates from its 

succession to the duties and responsibilities of the General Land Office: : 
and the Grazing Service, through the Reorganization Plan No. 3 of 1946 (60 
Stat. 1097) and the Reorganization Plan No. 3 of 1950 (64 Stat. 1262). 


2. Duties of the Mineral Examiner. 


9 A mineral examiner's role is varied but important, requiring a. thorough 
knowledge of the public land laws, Departmental decisions, and case law 
that govern the management and development of the locatable mineral 
resources. A working knowledge of the mineral industry | and ‘of mineral 
property evaluation is essential. 
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Regent .catkeunte alas § ok 8 ts r) 
The: mineral, examiner's professional reputation as well as that. of the e 
“agency ie."on ‘the. line”, of évery minera] examination performed. It is 
‘incumbent . “upon, the. mineral examiner to do a thorough professional 

‘examination aud eveluation ‘of ses mining claim and mill site. 


The eSnkee? examiner's function is to apply the legal ind technical 
_ standards: issued by the Department, and to give an opinion as to whether 
‘the examined nining claims and m¥iit sites have met those standards. If 
‘the s tandards. have: been met, then the mining claims and mill sites are 
deemed .valid,. If a mineral patent application is involved, the mining 
“claims and ‘mi LL sites aré patentéd. If the standards have not beem met, 
“ then’ contest. action may be initiated. If a contest action is initiated, 
-the mineral. examiner will be or daanee to testify as an expert witness for 


. the, Savernment.. Set inlay ps CG 
a e ia , % + )\ 


‘The ‘Deperemedt has made it eiéat’ what it expects from a mineral 
examiner‘: These standards: are: 


pa oN ineral. examiner, is, ‘obi gated to make a careful and 
competent. dnapettion. of a wining, clain in ‘order to be able to testify 
meaningEnily on the” presence ‘or ‘absence of mineral discovery there.” 
United States vy. Vs Gerald id Hess, 46 IBLA 7 (1980). 
oa ae na sper examiner is’ ‘tegponsible for the determination of 
the, yalddi ty’ ‘of, mining cleine conflicting ‘with nonmineral entries under 
the general public land Jaws’, ‘and when requested by other Federal 
agencies “desiring lear title to lands for public -purposes. An examiner 
is charged with, the responsibility to conduct his examination with an 
_ open and~ impartial mind. All available literature that covers the 
‘geology, minerahization, mining history, and economics of the mineral 
commods ties -betag: examined should: be’ reviewed by, the mineral examiner 
“prict to the fiekd examination in order to allow a competent examination 


OF. rhe | PEMD HEY Bnited’ States ve Janet B. Copple, et al., 81 IBLA 132 
AS ; 4 C 


OBB) fh 
ab HED Fant “where _a Government mineral examiner offers his expert opinion 

that Lacovarss: of a: valuable | minerel deposit has not been made within the 
boundaries. fa contested elain, & prima facie case of invalidity has 

been made,: Provided that, such opinion is formed on the basis of probative 
evidence. ot .ohe character, quality, and extent of the mineralization 

allegedly Stacovered ‘by ‘the mining claimant. Mere unfounded surmise or 
conjecture wilh. not suffice, regardless of the expert qualifications’ of 6 
the witnesses . . . >The admfssibility of expert testimony in a mining 

‘claim contest is determined by the hearing examiner, who exercises a wide 
latitude of discretion in making these determinations.” United States v. 


i) Minter, 78 ID 193 (1971). 
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Chapter, I 
9 A mining claim constitutes a possessory interest in: the ‘land; guthorived 
by the Mining Law of 1872, as amended (17 Stat. 91). “If the mining elaim 
is valid, the mining claimant has possessory ‘fight: to ‘the ‘infnéral” ‘and the, 
right to purchase the surface and mineral” estates.” “This” property: right’. i 
may not be extinguished without due diggs LE Yi 


ws 


ea Ete, 


> 3. How To Conduct Yourself With The Public. 4 gh hain eee vty a8 nize a 


In dealing with the public, the mineral este bee: will be dsked’ thr pive* 
advice or an opinion on many topics:- The. mineral examiner is’ not eae 5 
attorney nor acting as a professional consultant. On legal questions, We 
the mineral examiner should cite the applicable’ law,- tefer ‘to’ pertinent” 
_ decisions, and refer the person to an attorney for legal: advice.* ‘When 

> the question is of a technical nature, guard against giving inforadtions§ 
advice, or suggestions which are wil within: the scope . of your regulatory 
and statutory authority. > ee Sr via BR, wer 


aaah 


o 


ae bee Bi 


Frequently, mineral examiners are asked, questions -by mining claimants. 
whose mining claims or mill sites “age, being: investigdted.'” In: these 
instances, limit answers to those of ‘general nafure,. ‘or to’ an ‘explahation 
of the procedures that will be followed.'. This is. especlally trite’ in 
talking to mining claimants who havé mining claims. on land undér the * © 
jurisdiction of other Federal agencies. The mineral examiner's job ts to 
secure facts upon which the mineral’ examiner, in exercising professional 
judgment, can reach an opinion as to thé validity of the: mining © tate 5 ‘or 
mill site. THE EXAMINERS JOB IS NOT TO ADJUDICATE THE RIGHTS OF THE 
PARTIES INVOLVED IN THE CASE. The importance of ensuring the™ public* 8. 3 
uuderstanding of the mineral examination Regus cannot be ‘overemphasized. 
One of the contacts that a mining. claimant has elie dency te thedugh 
the mineral examiner. The impression left with thé. mining. claimant ~ 
depends largely upon the manner and professionalism of the minerat — he 38 
examiner during the examination. The mineral ‘examiner should be sfrfendly 
> and courteous at all times. ; 


By inviting the mining claimant to accompany. the. mineral ‘ediininer: Het 
the validity examination the mining claimant :hds the opportunity™ ho” 
identify the discovery points and other places from which tHe. mintng- 
claimant wishes samples to be taken. The minerai examinér may -take ‘* 
samples from locations not selected by the mining: clatmant; ‘if acing 
a to adequately examine the mining claim... The mfneral examinét! should tiof: 
discuss any opinions on the case nor imply any: conclusféind ‘, hal fei i 
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CHAPTER II. Mineral Investigations 
i Validity Examinations. 


To be valid, a mining claim must contain a discovery of a valuable 
mineral deposit subject to location under the Mining Law of 1872, as: 
amended (17 Stat. 91). ; 


A valid mill site is one that is located on nonmineral land, and is. being. 
used for mining or milling purposes, or other uses reasonably incident ‘0, 
a mining or milling operation. 


The “Prudent Man Rule” was first promulgated by the Interior Department 
in Castle v. Womble, 19 LD 455 (1894) and has been repeatedly affirmed by 
the Federal courts. See Chrisman v. Miller, 197 U.S. 313 (1905) and 
United States v. Coleman, 309 U.S. 599 (1968). 


The “Prudent Man Rule” as stated in Castle v. Wombie, supra; is: 


"Where minerals have been found and ‘the evidence is of such a 
character that a person of ordinary prudence would. be justified in 
the further expenditure of his labor and means, with a reasonable 
prospect of success, in developing a valuable mine, the requirementza, - 
of the statute have been met. To hold otherwise would tend to make 
of little avail, if not entirely nugatory, that provision of the law 
whereby “all valuable mineral deposits in lands belonging to the 
United States ... are .. . declared to be free and open to. 
exploration and puchase.” For, if as soon as minerals are shown to 
exist, and at any time during exploration, before the returns become . 
remunerative, the lands are to be subject to other disposition, few 
would be found willing to risk time and capital in‘the attempt’ to 
bring to light and make available the mineral wealth, which lies 
concealed in the bowels of the earth, as Congress obviously must 
have intended the explorers should have proper opportunity to do.” 


The “Marketability Test,” which is a compiiment of the "Prudent Man Rule” 
and applies to all mining claims, was first applied by the Interior 
Department by Secretarial Opinion published at 54 LD 294 (1933). This 
supplemental requirement for a discovery has been affirmed by the Federal 
courts in Foster v. Seaton, 271 F. 2d 836, D.C. Circuit Court (1959); 
Converse v. Udall, 389 F. 2d 616, 9th Circuit Court (1968); and United 
States v. Coleman, supra. 


The test of marketability is: 


- . . “a mineral locator or applicant, to justify his possession, 
must show that by reason of accessibility, bona fides in: 
development, proximity to market; existence of present demand ,, and. 
other factors, the deposit is of such: value that it can be mined, 
removed, and disposed of at a profit.” (54 LD 294, 1933). 
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tery hens at 
The mineral examiner must exercise good professional judgment in ¢ 
evaluating the data that is pertinent to a discovery. Based on the 
actual mineral showing and its relationship to the geologic setting of 

the mineral district, the mineral examiner must decide if there is a 

‘discovery under, fhe.’ "Prudent. Man Rule” and marketability requirements. 


GEOLOGICAL INFERENCE, NO MATTER HOW STRONG OR CONVINCING, CANNOT BE USED 
. AS A DISCOVERY IN PLACE OF A PHYSICAL EXPOSURE OF ACTUAL MINERAL IN 0 
_ PLACE. See. McCall 1_v. Andrus, 628 F. 2d 1185, 9th Circuit Court (1980); t 
cert. denied, “450 U.S. 996 » (1981) and United States v. J. Gary Feezor, 
- et al, 74 TBLA 56 (1983). 


- The Department has held that geophysical or geochemical data will not 
qualify as mineral discoveries without an associated physical exposure of , 
, the minerals claimed. Discovery of mineral in drill holes will qualify ( 
; providing érill sites, drill logs, cores, and/or cuttings can be 

verified, Consult section IV-2D for further guidance on the use and 
, handling of drill core. 


"Although the regulations ‘at 43 CFR 3860 provide that the point of 

-. discovery must be designated on the mineral survey plat, the actual 
discovery need not have been made in the “discovery working.” A 
discovery of mineral under the “Prudent Man Rule” must be made within the 
boundaries. of each, mining clain, a; 


~ 


2. ..Mineral Land Determinations. 


; In the mineral examination of mining claims and mill sites, the question 
_ of mineral }and has to be answered in two specific contexts. 
Aro MATE pite must be located on nonmineral land. 
“SB In addition to a discovery on an association placer claim, each 
- Bquare 10-acre legal subdivision of an association placer claim must be ¢ 
_mineral land (mineral-in-character) in order to sustain the location. 
This, is .the,."10-acre rule” which has been required by the Department 
_ singe. 2899, See United Stetes v. Charles H, Henrikson et al, 70 ID 212 
(1963)... These ‘requirements are further described in Chapter III-7 and 
L1i-8. 4 geil 


PrN ya 
ied a Ma 
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) The Department's position in relating to mineral land determinations is. 
B] _ fully stated in Southern Pacific Co., 71 ID 224, 233 (1964): Die rhc 
"It is sufficient to show only that known conditions: are ‘* 
such as reasonably to engender the belief that the land 
contains mineral of such quality and in such quantity as- 
to render its extraction profitable and justify 
) expenditures to that end. Such belief may’ be predicated: 

@ , upon geological conditions, discoveries of minerals in-) ' )'- : 
adjacent land, and other observable external conditions = -« °“!) 
upon which prudent and experienced men are shown to be. abe 
accustomed to act.” Lashes 


3. Valuation of Mineral Properties. 


@) Valid mining claims or mill sites on public land or interest in land, in Bid 
areas which are later required by the United States for a Federal highway 
right-of-way, various reclamation projects, military reservations, and 4+ 33" 
other single resource uses, must be appraised for purchase or for »°°* + 
condemnation. In addition to appraising mining claims and mill sites, 
the mineral examiner is often required to appraise deposits of mineral: | 
materials, such as sand, gravel, stone, pumice, and other common variety . 
mineral materials. The locatable and salable minerals must also be Ri 
appraised for fair market value for conveyance under Section 209 “of the i 


Federal Land Policy and Management Act of 1976. The valuation process :is 
given in Chapter V-9. 


4. Public Law 167. 
sy ean 
The Surface Resources Act of July 23, 1955, Public Law 84- 167.30 USC 
611-615), provides a procedure ahacete the United States may resolve 
surface rights to unpatented mining claims located prior to thé act. -* 
Mining claims located after July 23, 1955, are subject to the provisions 
) and limitations of the act including the right of the oe states tO” 
®) manage the surface resources. 


fctt eb eat 


Even though the United States may gain the right to manage’ the mineral -" + 
material and vegetative surface resources:under the proceedings of PL~-167, - 
the mining claimant does not lose any possessory rights to the ‘locatable ’ 
minerals or to the use of as much of the surface as is reasonably ak 
necessary to sustain the operations. Furthermore, any permittee or 

a licensee of the United States or user of the public land may not endanger 
or materially interfere with prospecting, mining, or processing 
operations, or uses reasonably incident thereto. 
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5. Multiple Use Conflicts. 


Mining claims and mill sites often conflict with land disposal or other 
actions such as desert land entries, material sale sites, 
range-improvement projects, timber sales, withdrawals, or rights-of-ways. 
Validity examinations are sometimes required to resolve these conflicts 
after all other legal rewedies have been exhausted. 

Validity examinations are not required to resolve occupancy trespasses on & 
mining claims located under the guise of the mining law. A civil action ) 
may be prosecuted against unauthorized uses of a mining claim in the 

Federal courts under 30 U.S.C. 612 without having to perform a validity 


examination. See United States v. Edison R. Nogueira et al, 403 F. 2d 
816 (9th Circuit 1968). 


6. Mining Claims and Leasable Minerals. @ 
i» 


From 1924 to 1954, the Department has held that a lease application, the 
issuance of a prospecting permit, or a formal classification of land as 
valuable for a leasing act mineral, segregates the land from mineral 
entry under the mining laws. See Joseph E. McClory, 50 ID 623 (1924) and 
Secretarial Opinion at 50 ID 659 (isi. Under certain conditions, land 
was reopened and mining claims recognized by the passage of PL-250 

(30. U.S.C. 501-505) and PL-585 (30 U.S.C. 521-531), providing the 
recordation requirements of these acts were followed. 


These acts allow for the acceptance ef mining claims located on land 
segregrated by the Secretary ynder 50 ID 650. The following table shows 
the, effects of .these acts to the rights of mining claimants: 


Classification of Mining Claims Under Public Law 585 
i* - a ya 
Mining claims or mill sites located on or valid : 
before: August 13, 1954, on vacant lands ® 
latex. covered.by mineral leases or permits. 


Mining claims or mill sites located on invalid 
or before July 31, 1939, on lands covered by 

mineral leases or permits or applications for 

same or known to be valuable for leasable minerals. 


Mining claims or mill sites located between valid only if Yi 
August 1,.1939, and February 10, 1954, on compliance with the 

land covered by mineral leases or permits provisions of PL-250 

or applications for same or known to be and/or PL-585. 


valuable for leasable minerals. 


® 


> BLM MANUAL Rel. 3-104 
BASEN s 1/3/85 


24)t 
er 


oper 4 


ii5 
H-3890-1 - HANDBOOK FOR MINERAL EXAMINERS 
Chapter IL 


) Mining claims or mill sites located invalid rik 
® between February 10, 1954, and 

August 13, 1954, on land covered by mineral 

leases or permits or applications for same or 

known to be valuable for leasable minerals. 


Mining claims or mill sites located after No conflict because 


) August 13, 1954, on lands covered by mineral of separation of rights 
e Jeases or permits or applications for same to locatable and Pe Bae? 
or known to be valuable leasable minerais. * leasable minerais. 


7. Mining Claim Recordation. 


On October 21, 1976, the Federal Land Policy and Management Act (FLPMA) 

) was enacted (43 U.S.C. 1701 et seq.). Section 314 of FLPMA (43 U.S.C. << 
1744) established a Federal recordation system for mining claims, miil 
sites, and tunnel sites. All existing mining claims, mill sites, and © 
tunnel sites had to be recorded with the proper Bureau of Land Management 
State Office by October 22, 1979, or they were, by statute, declared’ 
abandoned and void. Each mining claim, mill site, or tunnei site iocated 
after October 21, 1976 must be recorded within 90 days of location date’ 
or become Abandoned and void. 


The act also requires that during EACH CALENDAR YEAR, following the’ et 
calendar year in which the mining claim was located, the owner(s) of each 
mining claim must file an affidavit of assessment work or a notice of 
intent to hold; otherwise by operation of law it is declared abandoned - 
and void. The Department of the Interior, by reguiation, extended this <.' 
requirement to include mill sites and tunnel sites. This second 
requirement is a curable defect. 


The annual filings for mining claims must also be recorded in the local 
recording office. Mill sites and tunnel sites are not subject: ito this: 

e requirement. Each State Office maintains microfiche and computer files :f 
on all mining claims and sites recorded in the area administered -by that 
office. 
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CHAPTER III. Mineral Examination Procedures 


I; Preparation for a Validity Examination. 


The case file should be carefully examined, making certain that it 
contains all available pertinent case history. Land status information 
that may be required should be requested from the BLM State Office having 
) jurisdiction over the case. The Historical Index is to be examined for 
e Public Land Orders, classification actions, and other pertinent data that 
would have caused the mining claim or site to be null and void ab initio. 


A copy of the mineral survey plat and notes, if available, should be 
obtained from the BLM State Office and the survey notes checked for 
pertinent data. The mining claim recordation data should also be checked. 


®) A topographic map, preferably a 7.5 minute series (scale 1 inch to 2,000 
feet), should be enlarged to a scale of at least 1 inch to 400 feet, and 
used to plot the necessary field data for the field examination. Do not 
use the official copies of the Master Title Plat. In some instances, it 
may be useful to use a copy of the Mineral Survey Plat, enlarged to a 
scale of at least 1 inch to 400 feet. 


An important tool for field examination are aerial photographs, 
preferably at a scale of 1 inch to 1,320 feet or greater. Coverage is 
available for most of the continental United States and can be obtained 
through the BLM's Cadastral Survey office, from the national aerial 
photograph library at the EROS Data Center in Sioux Falls, South Dakcta, 
or from the U.S. Department of Agriculture Aerial Photography Fieid 
Office in Salt Lake City, Utah. Air photos can be enlarged and used as 
base maps if topographic maps are not available. 


All available literature concerning the geology, mineralization, mining 
history, and economics of the mineral commodities being investigated 
P should be reviewed. The best available sources of information are the 
® Geological Survey, local State Geological Survey, the Bureau of Mines, 
university libraries, and local geological societies. 


All equipment should be carefully checked before going into the field to 
be sure that everything is functioning properly. Make certain that your 
compass is set to the proper magnetic declination as given on the USGS 


) topographic map. 


Only clean sample bags are to be used to avoid contaminating the 
samples. Chisels and moils should be sharp. Standard sampie form 
(3980-3) should be used to identify the samples. The use of this form 
will assist in avoiding errors at a later date. 
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A 35-millimeter camera should be used to PHOTOGRAPH ALL SIGNIFICANT 
FEATURES OF THE MINING CLAIM OR MILL SITE (discovery point, sampling 
points, improvements, and equipment). Photographs at a contest hearing 
can go a long way in convincing an administrative law judge of your point 
of view as to the particulars of a mining claim or mill site. Use a 
medium speed, black and white film or a color film with a good color 
contrast rating. Prints should be taken as opposed to slides. Some 
courts consider slides to be subject to tampering, and are therefore, 
suspect evidence. 


All mapping should be done with the use of standard topographical, 
geologic, and mining symbols. Standard symbols are given in Dietrich et 
al. (1982), Compton (1962), Lahee (1951), and Appendix I, and should be 
used in ali minerai reports. 


2. Field Safety Checklist. 


The following is a recommended checklist of items that are normally 
required for field safety in the examination of a mining claim: 


A. Read and be familiar with the Mine Safety and Health 
Administration (MSHA) regulations, especially those in 30 CFR 
Chapter I, subchapters B, C, D, and H. You are required to 
foliow these regulations when on a mining property. 


B. Read Bureau Handbook H-1112-1 - Safety, pp 46-50. 
C. Read Bureau of Mines Information Circular 7479. 
D. Do not enter into underground mine workings alone, or onto any 
' areas around surface mine workings in a casual manner. BE ALERT 


AND REMAIN ALERT. 


E. When going underground, always carry and wear appropriate 
equipment which shall include at a minimum: 


(1) Approved hard hat with electrical resistance. 


(2) Sturdy over-the-ankle boots or safety boots. Steel toes are 
' usually required. 


(3) If going underground, three different sources of light 
(battery powered head lamp, flashlight, penlight, candle 
wrapped in aluminum foil, matches in waterproof container) 
should be carried. 


eeTeS! 
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») (4) Drinking water. 
(5) Rock Pick. 
(6) Safety glasses for use in rock breaking and sampling. 


(7) MSHA Self-Rescuer (Respirator W 55 for self-rescue from 
| carbon monoxide) for underground work. 


(8) Small personal first-aid and snakebite kit. 


F. In cases where there is a question about entering into 
underground mine workings, or onto areas around surface mine 
workings, the decision will rest with the mineral examiner, 

») UNDERGROUND WORKINGS SHOULD NOT BE ENTERED ALONE. 


G. Always tell someone where you are going and when you expect to 
return. 


3. Field Notes. 


The importance of adequate and legible notes cannot be overemphasized. 
Geologic shorthand should use standard abbreviations such as given in 
Compton (1962) or in Dietrich et al (1982). Use an engineer's field book 
with water resistant pages for taking field notes. The field notes are 
photo copied and placed in the case file. The mineral examiner should 
always keep a reserve copy of the field notes in the event the file copy 
is lost. 


If more than one mineral examiner participates in the examination, one 
mineral examiner should be designated as the official note recorder and 
the other as the lead mineral examiner. However, all should take notes 

- to avoid any confusion that may occur in the office when the joint 
> mineral report is being written. 43 
i 


Notes taken in the field should be recorded in sequence as the 
investigation progresses. Use the checklist below to guide the 
examination, as well as to help standardize note taking. It wiil also 
help minimize the possibility of overlooking pertinent data that should 
be recorded while in the field. 


> 4, Checklist for Field Notes. 
A. General. 
(1) Identify each participant involved in the field 
examination. 


(2) Each page of the field notes must be dated and 
> numbered. 


BLM MANUAL Rel. 3-104 
1/3/85 


1ri-4 


H-3890-1 - HANDBOOK FOR MINERAL EXAMINERS 


Chapter III 


B. Physical Features, 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 


(7) 


Location: direction and distance from nearest 
town, mining district, county, and State. 
Accessibility: how reached, transportation 
facilities, etc. 

Topography: general description, elevations. 
Vegetation and timber, general climate. 

Water and power facilities, as appropriate. 
Identification of the land and/or mining claims or 
mill sites. 

Current usage of the subject land, mining claim, or 
mill site. 


Ge Geology and Mineral Deposits. 


(1) 


(2) 
(3) 


(4) 
(5) 


(6) 


General geology of the land involved (relate to the 
geologic setting). 

Structural details. 

Mineralization: valuable minerals, gangue minerals, 
description of veins or lodes, alteration zones. 

Ore reserves: tonnage and grade. 

Mill sites: mineral or nonmineral land, 

use of the mill site, source of ore. 

Does the mineral deposit fit any known ore model. 


D. Mineral Development. 


(1) 


(2) 


(3) 
(4) 


‘BLM MANUAL 


Describe surface and underground workings, drill core 
and/or cuttings (relate to surface and subsurface 
geology and structure), prepare geologic map of 
surface/subsurface, or verify data on existing maps, 
discuss past and present production. 

Industrial plants and equipment: describe type and 
present use of buildings, improvements, and equipment. 
Estimate value and utility of plant and equipment. 

For a mineral patent application, give estimated value 
of all qualifying expenditures. 


Rel. 
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| Lars Sample Data. 


(1) Index samples from the sample tags (elaborate on 
information included on sample tags, when necessary). 

(2) Describe and photograph sample site and describe 
collection procedure in detail, dimensions of sample 
cut, and relationship to the mineral deposit. Relate 

Ss sample to the mining claim from which it was taken. 

(3) Give geologic setting of sample site (structure and 
lithology) and reason(s) sample was collected at that 
site. Plot sample site on map. 


(4) Describe how samples were protected from site to 
assayer's office. Show “chain of custody.” If the 
Ss BLM office does not have adequate, secured storage 
facilities, then have assayer hold sample splits until 
all administrative actions are completed and appeal 
periods have expired. The assay pulps should also be 
held in the same manner. 


te Other Pertinent Data to be Identified. 


(1) Mining claim or mill site monuments, discovery point 
on lode line, orientation of the mining claim to the 
vein or lode, etc. 

(2) Posting of mineral survey plat and notice of patent 
application (when applicable), photograph and date 
field verification of posting. Posting need only be 
done during the 60-day publication period. 

(3) Conflicts between mining claimants. 

(4) Dummy locators. 

(5) Compliance with applicable State and local laws. 

(6) Placer mining claims conforming to legal subdivisions, 


when appropriate. 

Ss (7) Mineral character of each square 10-acre legal 
subdivision of association placer claims (the 
acre rule"). 

(8) Photographs properly indexed and titled. 
(9) Persons interviewed. Give names, addresses, telephone 
numbers, and dates. 

3 (10) Mill sites; describe use and relationship to 


ten 


associated mining claims. If a custom mill site, 
describe the milling equipment and identify the source 
of ore. 
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5. The Field Examination. 


The mining claimant shall be notified of the pending examination at least 
30 days before the proposed date of the mineral examination. The 
notification shall be by certified letter, return receipt requested. 
Prior to notification, contact the mining claimant by telephone to 
establish a date that is mutually agreeable. The mining claimant must be. 
invited to accompany the mineral examiner to point out discovery point(s! 
and other pertinent features of the mining claim or mill site. The 
mining claimant may designate an agent to appear in his/her place. 
Failure to properly notify the mining claimant of the pending mineral 
examination may subject the government to having its case dismissed by an 
Administrative Law Judge if a contest action is initiated. Ask the 
mining claimant to make available any data pertaining to production, 
mining costs, marketing arrangements, geology, and character of the 
mineral deposit. 


t 


Strive for amicable entry and examination of the mining claim or mill 
site. However, if the mining claimant threatens the mineral examiner or 
uses force to prevent the mineral examiner from going onto the mining 
claim or mill slte, notify your supervisor immediately. On BLM 
administered lands, also notify the Special Agent. If these officials 
are unable to get the mining claimant's agreement for a mineral 
examination, the U.S. Marshali's Office should be requested to provide 
protection. To obtain the the U.S. Marshall's assistance, it may be 
necessary to work through the office of the U.S. Attorney. In many 
cases, cooperation may be obtained through the effort of the local mining 
association. 


The first step in a mineral examination is to locate the boundaries of 
the mining claim or mil] site. Major pertinent features are recorded on 
the topographic map. The geology and cultural features are recorded on 
the map as the reconnaissance is made. The mineral survey plat (if 
required) and survey notes should be compared with the monuments and / 
workings on the mining clain. \ 


The reconnaissance acquaints the mineral examiner with the area and 
facilitates planning and execution of an efficient mineral examination. 
When examining a mining claim, to determine whether or not a discovery 
has been made, the mineral examiner must bear in mind that his/her job is 
not to make a discovery, but only to verify that a discovery has been 
made by the mining claimant. THE DISCOVERY POINTS MUST BE AVAILABLE AND 
SAFE FOR EXAMINATION. If the alleged discovery is in a shaft or other 
underground working which is inaccessible or unsafe to enter, the mineral 
examiner need not try to make the discovery accessible or enter under 
unsafe conditions. If the mining claimant refuses to make the discovery 
points accessible, sample other parts of the mining claim as a backup for 
future actions. Document the mining claimant's assertions that a 
discovery exists at a specific point on the mining claim. 


® 
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All accessible discovery points should be carefully examined and mapped; 
show all geologic structures, their attitudes, and plot all sample 
points. If the discovery is underground, map all subsurface features. 
See Peters (1978, pp 339-360). Collect a sufficient number of samples to 
allow the verification of grade and tonnage of the mineral deposit. See 
chapter V-2 of this Handbook for details of grade and tonnage 
calculations. i 


be 6. Lode Mining Claims. 


All manmade structures and improvements should be plotted on the base 
map. Surface geologic structures should be plotted on the map and 
correlated with the geologic structures exposed in the discovery shaft, 
cuts, pits, workings, and other points of exposure. Additional 
» information should include a description of the valuable minerals, gangue 

be minerals, vein and wallrock alteration, and the country rock. Establish 
whether the deposit is similar to others in the general area. Published 
data of the mines in the district are helpful in evaluating the mineral 
deposit under investigation. A detailed description of all workings and 
improvements on each mining claim is essential. If the side or end lines 
of a lode claim are extended onto land not open to mining claim location 
in order to obtain extralateral rights, the discovery must be on that 


portion of the land open to mining claim location. See Marilyn Dulton 
Hansen, 79 IBLA 214 (1984) and Santa Fe Mining Co., 79 IBLA 7 (1984). A 
lode claim is limited by statute (30 U.S.C. 23) to a length of 1500 feet 
along the vein and a width of 300 feet on each side of the vein. 


7. Placer Mining Claims. 


All manmade structures and improvements should be plotted on the base 
map. The geologic formations or units carrying the recoverable values or 
commodities should be mapped. 


10-acre parcel of an association placer mining claim must be shown to be 
mineral-in-character. See United States v. Robert B Lara, [On 
Reconsideration], 80 IBLA 215 (1984). When a mineral patent application 
is involved, any square 10-acre parcel that is not mineral-in-character 
must be omitted from the patent application by the applicant or the 
10-acre portions(s) may be subject to contest action by the United 
States. 


> A discovery must exist within each placer mining claim. Fach square 


bs] Placer mining claims not located in conformance with the public land 
survey (gulch placers) are permitted under special rules. See Snow Flake 
Fraction Placer, 37 LD 250, (1908); United States v. Charles H. Henrikson 
et al., 70 ID 212 (1963); and 43 CFR 3842. 
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The best sources for the appropriate techniques, equipment, and 
processing methods of detrital minerals from placer mining claims, are 
Wells (1968), Macdonald (1983), and Peele (1959, p. 533-640). These 
references should be consulted prior to starting a field examination on a 
placer--mining claim which contains a discovery of detrital minerals. 


8. Mill Sites. 


There are two types of mill sites, associated (dependent) and custom 
(independent). An associated mill site is one associated with a lode or 
placer mining claim and to be valid, the associated mining claim, must be 
valid. A custom mill site is not associated with an identified mining 
claim and is an independent operation. A custom mill site is required by 
30 U.S.C. 42 (b) to contain a “quartz mill or reduction works.” In 
modern parlance this means any milling, flotation, or beneficiation 
facility (including smelters) for the processing of custom ores. The use 
of the miil site must be reasonably incident to, or in support of, a 
mining or milling operation. All buildings, settling ponds, spoil piles, 
and other structures associated with the operation, should be plotted and 
tied to the mill site corners or mineral survey corners. 


Each mill site is limited to a maximum of 5 acres in size and must be 
located on nonmineral land. Mill sites may be located by legal 
subdivision or by metes and bounds. Any number of mill sites may be 
located but each must be used in connection with the mining or milling 
operation. 


9. Tunnel Sites. 


The Mining Law of 1872 (30 U.S.C. 27) authorized a means of subsurface 
exploration by tunneling. Tunnel site are located and recorded in the 
same manner as mining claims. It grants to the claimants of the tunnel 
site the possession of all previously undiscovered veins or lodes that 
are intersected by the tunnel. A tunnel site is valid for a distance of 
3000 feet from its originating face. The possession of all veins or 
lodes discovered in the tunnel extends outwards to 1500 feet in each 
direction along such vein or lode, taken from the center of the tunnel. 
To maintain possession of the lode or vein, a lode mining claim must be 
located on the surface trace of the lode or vein discovered in the 
tunnel. See Enterprise Mining v. Rico-Aspen Consolidated Mining Co., 167 
US 108 (1895). A substantially horizontal drill hole will qualify as a 
“tunnel” on a tunnel site location. 


Work on a tunnel must be diligently prosecuted and failure to perform 
work on the tunnel for over 6 months results in an abandonment of the 
owners rights to any undiscovered veins or lodes in the tunnel. Tunnel 
sites cannot b@ patented, but may be held indefinitely, provided that the 
work is being diligently prosecuted. 
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D 10. Mineral Patent Applications. 


The mineral examiner should verify that a reasonable estimate of the 

value of improvements for each mining claim totals at least $500. Ensure 

that the Mineral Survey Plat agrees with the actual location of the 

mining claims, mill sites, and their improvements. If the placer mining 

claim or mill site is located by legal subdivision, verify the location 
es) of the placer mining claim or mill site. 


If more than one mining claim is involved in a mineral patent 

application, the $500-expenditure need not have been made on each mining 

claim, but may be expended on one or more of a contiguous group of mining 

claims PROVIDED THAT THE IMPROVEMENTS MADE CLEARLY BENEFIT AND TEND TO 

DEVELOP THE GROUP AS A WHOLE. The total expenditures divided by the 
@ number of mining claims must be equal to at least $500. 


If a mining claim is located over an earlier or abandoned mining claim, 
and an application for patent is made under the new location, any 
improvements or labor made under the senior location cannot be applied 
toward the $500-expenditure for patent. 


@ 
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CHAPTER IV. Sampling and Assay Procedures 
1. General Sampling Procedures. 


The mineral examiner has the responsibility of protecting samples from 
contamination or salting from the time of the sampling until the end of 
all administrative and legal proceedings, that is, maintaining a “chain 
of custody.” Definite plans as to the handling, splitting, and the 
secure storing of the samples and of the pulps and rejects should be 
worked out in significant detail to assure reproducibility of the assay 
results. This is especially significant if the assay results are 
questioned later, or if the case ends up in litigation in the Federal 
courts. This précaution may avoid a return trip to the property for 
additional sampling and will support the mineral examiner's conclusions 
at a hearing. 


The validity of a mining claim is directly related to the results of the 
sampling. The sampling method will generally be determined by the 
character of the mineral deposit to be sampled and not on how the mining 
claim is located in relationship to the mineral deposit. Samples should 
be representative of the entire mineral deposit. 


2. Sampling of Rock in Place. 


The mineral examiner, based on professional experience and judgment, must 
determine the method by which samples will be taken, using methods and 
techniques that are currently recognized as standard practice in the 
minerals industry. 


Where the material to be sampled shows pronounced variation in 
composition due to banding, bedding, or in hardness, sample each 
variation separately to avoid overcompensating for variation. The amount 
of sample taken should be at least one pound per linear foot of material 
sampled. 


Regardless of the type of sample taken, the area to be sampled must be 
thoroughly cleaned to avoid salting or dilution. For sampling material 
in place exposed to weathering, expose a fresh surface. If that is not 
feasible, the sampling face should be cleaned to remove all salts, 
oxides, or other contaminants. Use a drop cloth under the area to be 
sampled or use a sampling ring to ensure that you catch all of the sample 
material. Take large representative samples whenever possible. This 
reduces sampling error if mineralization is not of uniform distribution 
in the host rock. 
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The spacing of samples will be governed by the controlling factors of the € 
material to be sampled. Controlling factors include variations in 

composition, vein dimensions, number of veins, outcrop exposure, and the 

number of discovery points and workings. In all cases sample form 3980-3 
should be filled out; and any contingencies should be explained more 

fully on the back of the form or in the notes, with the proper reference 

number for the sample. The sample point should be photographed and/or 

sketched in your notebook. A card should be photographed on the sample € 
point with the following information on the card: 


A. Sample number 

B. Date of sampling 

C. Mining claim name and serial number 

D. Initials of person taking the samples € 


Describe the geologic structure, the location and dimensions of the area 
sampled, and record any other information that will help in evaluating 
assays and calculating the ore grade. If the case ends up in a contest 
hearing or in court, a sketch along with a photograph of the sample 
point, before and after sampling, can be a strong influence in support of 
the examiner's professional opinion. If the assay results seem to be 
unusual or erratic, the sample site sketch may assist in the 
interpretation of the result. If resampling is necessary, the sketch 
will assist in the location of the confirmation sample. 


If local conditions require a variance in sampling procedures from the 
following methods, then fully document the method used and the reasons 
why it was used. Consult McKinstry (1948), Parks (1957), and Peters 
(1978), for the appropriate methods of sampling. 


A. Channel Samples. 


Channel sampling requires the cutting of a uniform channel 3 to 6 inches 
wide and one or more inches deep across the section to be sampled. It is 
normally used where precision sampling is required or where mineral 
distribution is erratic. The sample is caught in a canvas sheet.or tarp 
placed below the cut and is bagged and labeled. The method is applicable 
to all deposits. 


B. Chip Samples. 


Progressive chipping across the structure, in amounts proportional to the 
quantity of material in place, will closely approximate the results of a 
channel sample. Be careful that no material is lost. Use a canvas sheet 
or tarp to catch the chips. Chip sampling is normally used where the 
mineralized area is homogenous and uniform. Special care must be used 
where mineralization is not uniform to obtain a representative sample. 


® 
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C. Grab Samples. 


Although grab sampling may yield valuable information, it is not 
systematic or statistically valid. The mineral examiner should use grab 
sampling cautiously because unintentional high grading is always 
possible. Layering or segregation of mineral values may be present. 
Grab sampling is not recommended; it carries little probative value on 
the witness stand. Grade and tonnage figures are not reliable if 
calculated from grab samples. 


D. Drill Core and Cuttings. 


The driller’s log and geologist's sample log should be available and 
examined concurrently with the core or cuttings, noting gaps or 
discrepancies in the core or cuttings. Assay logs and geophysical logs 
of the hole should be examined and any discrepancies noted. 

Core or cuttings that do not match the log or that appear to have been 
rearranged from their proper order, should not be used to demonstrate a 
discovery. 


If an unresolved discrepancy exists with respect to the core or cuttings, 
the drill hole can be logged by the use of an appropriate down hole 
instrument (such as an x-ray fluorescence or a neutron activation assay 
unit), if available, to verify the location, thickness, and quality of 
the minerals claimed for the discovery. Alternatively, a confirmation 
hole should be drilled by the mining claimant in the presence of the 
mineral examiner. 


To sample drill core, cut the core in half lengthwise. Use a core 
splitter if one is available. Clean the splitter before each sample is 
split. If no core splitter is available, obtain a Jength of channel or. 
angle iron, place the core into it, and split the core with a hammer and 
a sharp chisel. Assay lengths will be governed by the mineral 
distribution, geology, and structure in the core. As a rule of thumb, 
individual assay lengths should be 1-5 feet. If the mineralized portion 
of the core is greater than 5 feet, assay each 5 foot unit separately and 
then add the assay units together. (See Chapter V-5.) For porphyry 
copper and molybdenum deposits, where the mineralized zones may exceed 
1,000 feet in width and depth, a 20- to 50-foot assay length is 
preferable, especially for making calculations. 


Cuttings from rotary drills are normally bagged and stored in 5-foot 
intervals. A representative sample requires a sufficient amount of 
material from each sample interval to obtain a reliable assay from that 
interval. 
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Je Sampling of Placer Deposits. 


Placer sampling is probably one of the most difficult and time-consuming 
tasks faced by a mineral examiner. The mineral examiner must consider 
the type of deposit; depth to bedrock; false bedrock; variation of silt, 
sand, and cobble size within the deposit; and quantity and physical 
characteristics of gold, and other placer minerals. . 


The best placer sample yields limited information. The mineral examiner 
must rely upon the mining history of the area and on his/her experience 
rather than a rigidly defined formula for interpretation of the sample 
data. 


The sampling method may need to be modified from point-to-point as 
dictated by the characteristics and geology of the deposit. Where 
possible, the mineral examiner should use the same equipment and methods 
as the operator of the placer claim in order to properly evaluate the 
feasibility of the operation. Sampling is done by mechanical excavation, 
hand-dug exposures, or suction dredging. In extreme cases, drilling may 
be necessary. The sample size should be of sufficient volume to contain 
as many of the characteristics of the deposit as feasible and should not 
be less than one cubic foot of bank measure or 20 pounds per linear foot 
of depth sampled. 


A calibrated bucket for sampling of placer mineral will save time and 
effort. If a suction dredge is used, it should be operated for at least 
one hour to obtain a proper sample and to allow the economics of the 
operation to be calculated on an hourly basis. To avoid salting, the 
face of a previously exposed sample trench should be cleaned to a depth 
of at least 4 inches before cutting the sample. 


The large volume of a placer sample mandates that the sample be reduced 
to a more manageable size. This reduction (concentration)* is 
accomplished by panning the sample, in a standard 16-inch gold pan, down 
to a black sand concentrate or by processing in mechanical washers, 
sluices, or jigs. Hand panning is required in the mechanized processes 
as a final step. Therefore, the mineral examiner should sharpen his 
panning skills by practicing panning in a tub using lead shot as the 
recoverable mineral. 


Special care must be taken in the concentrating procedure to ensure 
retention of all gold values. In many placer deposits, the bulk of the 
gold values are composed of finely divided particles, such as flour gold, 
which are extremely difficult to capture. Fine gold values can run 
between 10 percent and 100 percent of the total recoverable values of the 
deposit. 


The detailed sampling of detrital placer deposits is given in Wells 
(1968) and in MacDonald (1983). These publications should be consulted ¢ 
prior to sampling any detrital placer deposit. € 
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should be recorded in your notes for the sampling of detrital placer 
deposits: 


») ‘In addition to the field checklist in chapter III-4, the following points 
A. Physiography and climate - working season. 
B. Size of deposit (total yards, yards recovered). 
™ C. Gradient of deposit (percent) or (ft./100 ft.). 


D. Has the area been worked before? - describe sample sites, sample 
results, production history. 


E. Overburden; type, extent, compaction; depth and depth to ground 
water surface. 


@ F. Bedrock — type, relief on, depth to, smooth, jagged, jointed, 
slatey, pot-holed, solution cavities. 


G. Describe the nature of deposit - massive, stratified, channeled, 
thickness (average, range), induration, cementing agents, caliche 
layers, roots, and clay. 

H. Describe the composition and texture - composition of clasts, 
roundness and sphericity of clasts, sorting (grading), ratio of 
-1/4 inch to (+ 1/4 inch to 10 inches), sized clasts, amount, and 
distribution of boulders (10 inches +), clay (amount and type). 

I. Mining equipment and methods. 

J. How does the miner describe gold distribution? Does he/she claim 
gold “locked” in black sands? What is the size, shape, and 
surface appearance of the gold? « 


‘, K. Dimensions of sample site. Was sample taken into bedrock(?), if 


eS so, how far. 


L. Weight of material (1bs/yd.3 ~ usually 3000 1bs.). 
M. Weight of sample. 


N. Volume of sample. If not in-place volume, give percent swell in 


@ sample. 


O. Weight of concentrate. 
P. Make allowance for moisture in weight determination. 


Q. Photograph sample site before and after sampling; mark sample 
* site and number prior to taking photographs. 
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Representative samples are hard to obtain and therefore the results of 


sample analyses must be carefully considered. Four major problem areas 
may exist: 


A. Boulders will have to be considered; certainly if they are to be 
mined. Boulders may be mined around, moved, or blasted. 


(1) If boulders are larger than the sample cut, estimate percent p 
of boulders for weight and add to sample weight. It is © 
extremely important in this case to have photographs before 
and after sampling. 


(2) If the sample is a bulk type, then boulders are weighed with 


the sample as in “a” above. 


(3) If a suction dredge is to be used, then boulders may not 
have to be considered, as the nature of the sample is 
different. 


B. The amount of gold in a placer deposit is very small compared to 
the waste material. Any error in sampling or in processing the 
sample will be compounded when evaluating the deposit. Errors 
can occur because gold has a high unit value and even a small 
nugget in the sample profoundly affects the calculated values. A 
deposit having a gold/material ratio of one to a billion by 
volume is worth about $0.186 yd. with gold at $420/oz. 


C. Other valuable or potentially valuable minerals such as rutile, 
monazite, cassiterite, ilmenite, cinnabar, and so forth, 
generally do not present as much of a problem as placer gold 
because: 


(1) These minerals have lower unit values so errors will not be 
as greatly compounded as for gold. 


(2) These minerals occur in greater amounts than does gold; 
samples may be split safely. 


(3) They often occur in finer and more uniform sized grains than 
gold; they are easier to sample. 


D. Sometimes unusual materials occur in a deposit and must be ‘ 
identified and evaluated. e@ 


e 
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-. To prevent salting, either accidently or on purpose, the following 
@ precautions should be followed: 


A. Examine and clean all equipment used in sampling and sample 
processing before, during, and after use. 


B. Guard samples. 


C. Clean sample sites before taking samples. 


D. Placer gold requires special attention to the following: 


(1) 
(2) 


(3) 
(4) 
(5) 
(6) 


Check for shavings (indicates fraudulant salting). 


Record color: bright yellow, silverish, coated with Fe, or 
Mn stained. 


Surface texture: rough, smooth, pitted. 

Any rock particles adhered to the gold. 

Shape: round, angular, flakey. 

Size. 

a. Coarse: +10 mesh, large sizes called nuggets. 


b. Medium: -10 mesh to +20 mesh, about 2,200 gold particles 
per oz. 


c. Fine: -20 mesh to +40 mesh, about 40,000 gold particles 
per oz. 


d. Very fine: -40 mesh, about 40,000 gold particles per oz. 


E. Examine the black sand after separation by panning or mechanical 
means and record the following data: 


(1) 


(2) 


(3) 


BLM MANUAL 


Is the gold stuck to the sand grains? Is abrasion required 
to remove the gold from the sand grains? 


Is the gold coated with Fe or Mn? Is scouring required to 
clean the gold particles? 


Is gold “locked” in the black sand grains? Does the miner 
claim the “locked” in gold? 
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4. Sampling of Dumps. 


There are two types of dumps which may be encountered, tailings and waste 
dumps. Tailings dumps are discharged from the mill and are finely ground 
and crushed material generally less than 2 inches in size. Waste dumps 
are broken rock excavated from the mine in the course of exploration, 
development, and production. The material on a waste dump may range in 
size from minus 1/4 inch to boulder size. Rock considered as waste in 
the past may be considered as ore today, due to changes in technology and 
economics. 


The following preliminary work is performed prior to sampling a tailings 
or waste dump: 


A. A topographic map of the dump is prepared so that its length, 
width, and thickness can be accurately determined to measure the 
volume of the dump. 


B. The thickness of the dump can be obtained by one of two methods. 
The first is to drill a number of holes through the dump to the 
surface upon which the dump material rests. The second method is 
to map the bottom of the dump, if sufficient exposures are 
available to project the underlying ground topography. It may be 
necessary to subdivide the dump into smaller blocks in order to 
properly measure the volume of the dump, especially if it lies an 
irregular surface. 


C. A sampling grid of the dump is laid out in the following manner: 


(1) A base line is laid out along the long axis of the dump, 
using stakes, ropes, or flagging tape. At least five evenly 
spaced sampling points are established: one at the dump‘’s 
center, and the rest evenly spaced towards the ends of the 
dump, with one each halfway between the center of the dump 
and the dump’s end, and one each at 90 percent of the 
distance from the dump’s center and end of the dump. 


(2) Five cross lines are established at right angles to the base 
line, one through its center point, one each at the halfway 
point between the center and the dump's ends, and one each 
at 90 percent of the distance from the dump's center towards 
the end of the dump. 


(3) At least five evenly spaced sampling points are established 
on each cross line, the central one of which is on the 
baseline. 


€ 
() 
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\ . D. Before sampling, the tonnage of the dump should be determined. 
@ The tonnage is obtained in the following manner: 


(1) From at least three, and no more than five, widely spaced 
sites on the dump, remove a measured in-place cubic foot of 
material from the dump. 


(2) Weigh each sample. 


> (3) 


(4) From the topographic survey of the dump, calculate the 
number of cubic yards of material contained in the dump. 


Average together the individual sample weights to obtain an 
average weight per cubic foot for the dump. 


a (5) Multiply the number of cubic yards by 27. Multiply that 

product by the average weight per cubic foot obtained from 3 
above. Then convert to short tons of material by dividing 
by 2000 pounds. 


After performing the above calculations, the sampling may begin. 
Depending upon the size of the material in the dump, several methods may 
be used as follows: 


A. Tailings 


(1) One method is to drive a 2- to 4-inch diameter pipe into the 
dump at each sample point. The pipe is removed, along with 
its contents, and the contained sample is bagged for 
assaying. The depth of sample can be varied by using 
different lengths of pipe or by redriving the same pipe over 
again in the same hole. 


° (2) A second method is to driil the dump, either by auger, churn 
eq drill, or with reverse circulation equipment. 


(3) Pits or trenches can be excavated, although these should be 
done with caution because of the danger of cave-ins. 


B. Waste dumps 
the dump material varies considerably. Caution should be 


exercised in sampling waste dumps for safety reasons and to 
avoid unnecessary sampling errors. 


@) (1) These are difficult to accurately sample since the size of 


@) .. 
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(2) Assuming that the dump is of uniform consistency throughout 
(which is not always the case), a series of pits may be dug 
at each sample point. A certain number of shovelfuls of 
material from each pit is collected for the assay sample. 
As an example, each 4th, 7th and 10th shovelful (each 
shovelful to be of equal volume) is dumped into the sample 
bag and mixed together to form the assay sample. 


(3) If the dump is zoned, containing several “blankets” of 
differing material, trenching in partway from the outside 
edges, followed by digging one or more small pits or shafts 
along the baseline may be necessary either by hand or with a 
backhoe. The pits and trenches are sampled in the usual 
manner. 


(4) Drilling of the dump by using augers, churn drills, or 
reverse circulation equipment may offer the best results, if 
technically feasible. 


The grade of the dump is calculated by blocking the dump out into areas 
of influence for each sample point, averaging the areas into assay 
blocks, and then averaging the blocks together to obtain the average 
grade of the dump. See Popoff (1966). The weighted average method is 
used to obtain the most accurate estimate of the grade. If the baseline 
and cross lines were properly established, the average grade can be 
calculated by the use of the Prismoidal Formula. See Chapter V-4C. If 
the dump is highly irregular in outline, other geometric formulas may be 
used to calculate the volume and to average the grade of the dump. See 
Popoff (1966). 


5? Assaying. 


The analysis of samples is very important and requires considerable care 
by the mineral examiner. Be sure that the analytical laboratory has a 
good reputation and is qualified to perform the required assays. 
Erroneous or unreliable assays can lose the Government's case in an 
administrative hearing. The lowest bid is not always the best route to 
follow in selecting a competent assayer. 


The amount of placer gold should be determined by the free gold 
amalgamation method. Any other process gives an inaccurate value which 
will be higher than the actual value of gold recoverable by placer 
mining. The tailings from placer operations should be fire assayed to 
check for gold lost in the operation, and an emission spectrographic 
analysis done on the black sands recovered to check for rare earths, 
titanium, columbium, tantalum, and the platinum group minerals. If these 
are found in significant amounts, have the black sands assayed.. 
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a Gold and silver from lode or vein deposits should be fire assayed. The 
— detection of high levels of gold is erratic with atomic absorption (AA) 
spectrophotometry. This method will work for silver, detecting silver at 
levels as low as 2-5 ppm (0.0583-0.146 oz/ton). 


The AA method for most other elements is standard procedure in the 
= analytical industry. Molybdenum and tungsten at levels of less than 50 
be} ppm, must be analyzed colorimetrically. Uranium is best analyzed by 
: either fluorimetry or neutron activation. The platinum group metals also 
require special analytical methods that are not available at many 
Jaboratories. 


The micron sized disseminated gold deposits (Carlin type and other low 
grade, large tonnage gold deposits) which will be heap or vat leached, 
require a special test for gold recovery. This is the column percolation 

be] or bottle agitation cyanide leach test, where the sample is leached with 
cyanide, passed through a charcoal column, and recovered by several 
methods. A 60-pound sample is required. The Bureau of Mines at Reno has 
a test plant available for this purpose. 


If you have a special analytical problem and are unsure about the proper 
analytical technique required to produce a reliable assay value, consult 
Rose, Hawkes, and Webb (1979) or Levinson (1974). Checking with your 
local lab is also advisable. The Bureau of Mines and the Geological 
Survey will perform analytical work on a time-available basis, but that 
work should be requested only for special needs. 


Ss 
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CHAPTER V. Evaluating a Mineral Deposit 
1. General Requirements and Process. 


The purpose for evaluating a mineral deposit is to determine the probable 
cost of mining or extracting mineral values, weighing those costs against 
the probable returns gained by selling the product, and determining if 
the operator has a reasonable prospect of success in developing a 
valuable mine. 


To obtain an estimate of an ore deposit's probable profitability, a 
number of factors must be considered. Among these are the following: 


A. The grade, tonnage, and gross value of the ore. 


B. All costs incidental to operating the mine, processing the ore, 
and reclamation of the site. 


C. Marketing costs. 


D. Federal and State taxation, including income taxes, depletion 
allowance, property taxes, severance taxes, etc. 


2. Classification of Ore Reserves. 


Ore reserves are the amount of minerals available for extraction. 
RESERVES IS AN ECONOMIC TERM and is the amount of valuable mineral that 
is economically exploitable from a mineral deposit and should not be 
confused with the term “resource.” 


A. Proven Ore. Ore blocked out in three dimensions by actual 
underground mining operations or by drilling. It includes minor 
extensions beyond actual openings and drill holes, where the 
geological factors that limit the ore body are definitely known, and 
where the chance of failure of the ore to reach these limits is so 
remote as not to be a factor in the practical planning of a mine's 
operations. 


B. Probable Ore. Extensions near the proven ore, where the 
conditions are such that ore will probably be found, but where the 
extent and limiting conditions cannot be precisely defined as for 
proven ore. Probable ore may also be ore that has been cut by 
scattered drill holes, but the holes are too widely spaced to assure 
continuity of the ore. 
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C. Possible Ore. Ore is possible or prospective where the relations 
of the land to adjacent ore bodies and to geologic structures warrant 
some presumption that ore will be found. However, the lack of , 
exploration and development data precludes anything like certainty of 
its actual location or extent. It is not desirable to assign figures 
to “possible” tonnages, but they may be designated by terms such as 
“small” or “large.” 


D. Reserves for Discovery and Mineral Lands. 


(1) For the purpose of discovery only proven reserves can be 
used to calculate the economics of the property. See United 


States v. J. Gary Feezor et al, 74 IBLA 56 (1983). 


(2) For the purposes of establishing the mineral character of 
the land, and for extending the discovery within the limits 
of a mining claim, any combination of proven, probable, and 
possible reserves may be used. 


(3) In a contest proceeding involving discovery, the probative 
value of proven and probable reserves is much greater than 
that of possible reserves. 


iy Calculating the Grade and Width of an Ore Deposit. 


Several acceptable methods of calculating ore reserves are available. 
The most commonly used method, applicable to drill core, channel samples, 
and chip samples, is the weighted average method, as follows: 


AVERAGE GRADE = The summation of (width x interval x assay) 

The summation of (width x interval) 
The width is the width of the sample cut or the diameter of the drill 
core or hole, the interval is the length of the sample cut or the léngth 


of the core, and the assay value is the content, by weight percent, of 
the material of value contained in the volume sampled. 


The average width of the deposit is required to obtain the average volume 
of the deposit for the calculation of tonnage. Remember that in small 
vein or lode deposits, the minimum mining width of any operation is three 
feet. If the vein is 2 feet wide, an extra foot of waste will be mined 
and must be taken into account in the calculation of average grade and 
average width. 


AVERAGE WIDTH = The summation of (width x interval) 
The summation of (intervals) 


C4 
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The above two formulas give the average grade of the deposit in terms of 
its average width. The average grade and width are used to calculate the 
ore reserves of the deposit. This calculation is described in section 
V-4C. Other formulas are given in Peters (1978), Parks (1957), Popoff 
(1966), and McKinstry (1948) for calculations involving irregular sample 
spacings or variations in the density of the ore. 


4. Calculating the Tonnage of a Deposit. 


A. The first step in calculating the tonnage of an ore deposit is 
obtaining the density of the ore and rock to be mined. For a homogenous 
deposit, the process is easy. If the deposit has sharply contrasting 
densities in the ore zone, the deposit is divided into blocks of equal 
density and the blocks averaged to provide a density value for the 
deposit as a whole. This data is normally obtained from the mining 
claimant, but if not available, then one the following three methods will 
provide an estimate of the density of the ore if the tables in Appendix 
IV are not applicable. 


B. Density Determination of Pounds Per Cubic Feet. (Modified from 
Peele, 1941.) 


Method One. Using a 500 or 1000 cubic centimeter flask or cylinder: 


(1) Fill cylinder or flask partially with water (at least half 
full) and read the miniscus. 


(2) Obtain dry weight of sample in grams, all pieces to be less 
than one inch in size. 


(3) Place sample into flask or cylinder. 
(4) Observe and record miniscus level. 


(5) Take the difference between the initial and final miniscus 
readings to calculate the volume of water displayed by the 


sample. 
(6) Then: 
lbs/ft2 = 62.5 X dry weight of sample in grams 
Difference in water volume in cubic 
centimenters 
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Method Two. By using a water filled drum with a spigot affixed 
two-thirds of the way up the drum from the bottom, and with the 
water level at the level of the spigot do the following: 


(1) Weigh an empty pail. 
(2) Place the empty pail under the spigot. 


(3) Weigh, then place 20 to 50 pounds of average grade ore 
into the drum. 


(4) Make sure that ALL DISPLACED WATER goes through the ° 
spigot and into the pail. 


(5) Weigh the pail of water. 
(6) Subtract the weight of the pail. 


(7) Then: 


lbs/ft3 = 62.5 X dry weight of ore in pounds 
Weight of water displaced in pounds 


Method Three. Weigh sample, first in air, then in water. Pounds 
per cubic foot is then: 


1bs/ft? = 62.5 X Weight in Air 
Weignt in Air - Weight in Water 


C. Reserves are calculated by dividing the mineralized rock 
volume by a tonnage factor. The rock volume (in cubic feet) is 
calculated by the use of any geometric formula (or series of formulas) 
that best fits the shape of the deposit. The average volume of a 
deposit can be calculated from the Prismoidal Formula or the formulas 
contained in Peele (1941, Chapter 36) or Popoff (1966). By the 
Prismoidal Formula, the volume of any prism, pyramid, or frustrum of a 
pyramid may be calculated: 


A, = Area at one end of the body 

Aj = Area at the other end of the body 

A, = Area of the middle between the two end surfaces 
h = Distance between the two end surfaces. 


The volume (V) of the body is then: 


V= B (Ay + 4aq + 42) 
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The tonnage factor is calculated from the formula: 


TONNAGE FACTOR (cubic feet per ton) equals: 2000 


The pounds 


lbs. per cubic foot 


per cubic foot is taken from the process above or can be taken 


from the density tables in Appendix IV. 


5. Calculating Grade and Tonnage from Drill Holes (Modified from 
Peele, 1941 ) at 


A. Average Assay of One Drill Hole: 


V1 to Yn = 


Ly to 11 = 


V1 to Yn = 
Ay to An = 
Di to Dn = 
At = 
V3 = 
Da = 
T 

Cc 

n 

BLM MANUAI. 


Assays of successive samples of drill core from the 
hole 


Respective sample lengths down the hole of V1 to Yn 
VyL1+ V2bL2 + xxx Vo'n 
1+ 42 + aRR 
Assay -values down the hole 
Area of influence of drill hole in square feet 
Depth of drill holes in the mineral deposit 
Total area of the mineral deposit in square feet 
Average assay value of the mineral deposit 
Average depth of the mineral deposit 
= Total tonnage of the mineral deposit 
= Cubic feet per ton in place, of the mineral deposit 


= number of drill holes 
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B. For Irregularly Spaced Drill Holes: 
Va = A,V}D] + A2V2D2 + *** ALVLD, 


A,D, + A2D2 + RKK ApDy 


ys (Ay + Ap + aKK A,)Da 


C. For Regularly Spaced Drill Holes: 
Va = V,D2 + VoD2 + eae Vala 


nD, 


D, = Dy + D2 + *** DL 


T= A.D, 


Cc 


6. Calculation of the Recoverable Metal or Mineral Content of a Deposit. 


A. Rock in Place. 


The gross metal or mineral content of a deposit is calculated by 
multiplying the ore reserve tonnage by the average grade of the reserve. 
Mining operations are based on the RECOVERABLE ORE RESERVES which take 
into account the dilution of the ore grade caused by the uneveness of the 
deposit, and the loss of ore by leaving pillars of ore to support the 
back of the mine. The actual recoverable reserves in terms of metal or 
mineral content are calculated by the formula: 


€ 


@ 


RMT = [RV x (100-ML)] x 100% x G 
TF (100% + DF) 
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Where: 


RMT is the recoverable metal or mineral content. 

RV is the rock volume in cubic feet. 

TF* is the tonnage factor in cubic feet per ton; which is 
dependent upon the specific gravity of the ore, the porosity 
of the rock, and the moisture content of the rock. 

DF is the percentage of dilution from the mining of the ore. 

ML is the percentage lost in mining due to ore being left in 

pillars. 

G is the average grade of the ore. 


® Consult the graphs in Park (1957, page 110), or Badgley (1959), to 
obtain porosity and moisture corrections to rock volumes for ore 
reserve calculations. 


The gross value of the ore per ton is obtained by multiplying either the 
gross metal or mineral content per ton or the recoverable metal or 
mineral content (RMT) per ton by the current market price for the metal 
or commodity. These prices are published weekly in The Northern Miner 
for many metals, and monthly in the Engineering and Mining Journal for 
almost all commodities and metals that are bought and sold in the free 
world marketplace. 


Odd-shaped or large disseminated deposits (such as porphyry type copper 
and molybdenum deposits and Carlin type gold ores) may call for more 
sophisticated methods of calculating ore reserves. For the interested 
reader, these are covered in detail in Parks (1957), McKinstry (1948), 
Popoff (1966), Peters (1978), Reedman (1979), Lacy (1983), and 
VanLandingham (1983). 


B. Placer Deposits. 


The value of placer deposits are normally based on the value per cubic 
yard by using the following formulas: 


Value of gold in cents 
per milligram = Au in $/oz x fineness x 0.1 
1,103.5 mg/oz 
(Fineness is the Au content of the sample, in parts per thousand). 


Example: $400/oz x 850 x 0.1 = 1.093 ¢/mg 
,103.5 mg/oz 


Value of gold 


per cubic yard = Recovered Au in mg x value in ¢/mg x 27 ft 3 
x 100 


size of sample in ft 
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Example: 56.3 mg x 1.093¢ /mg x 27 ft} = $8.307 


2 ft3 x 100 


Milligrams of gold per cubic yard = 


Weight of 1 yd3of material x mg of Au recovered 


Weight of sample removed 


If a suction dredge is used, then the gold recovered and the dollar value 
should be reported as milligrams per hour and dollars per hour. 


Many placer deposits are covered by overburden to varying depths. This 
overburden must be removed before or during the mining operation and 
therefore must be considered in the overall value of each sample. 


Weight Value = Gravel plus overburden 


(Assume that verticle section is representative of volume at sample 
location.) 


Example: Overburden thickness = 2.4° = 0.80 yd 
Gravel thickness = 5.2° = 1.73 yd 
Total thickness = 7.6" = 2.53 yd 


Overburden thickness x recovered values = .80 x $0.0 = 0 
Gravel thickness x recovered values = 1.73 x $8.307 = $14.37 


$14.37 = $5.68 
2.53 


Te Calculating the Operating Costs of a Mine. 


In most cases, operating cost data for a planned or existing mine are 
obtained from the mine operator. In some cases however, the mineral 
examiner may have to calculate the costs of proposed mine operations. 
Several excellent sources of information are available for this purpose. 
These are O'Hara (1980), Western Mine Engineering, Clement, Jr., et al. 
(1981), Hoskins (1982), and Hoskins and Green (1981). Several methods of 
estimating costs may be used. These are cost indexing, comparative costs 
in the same mining district, and grass roots estimating. 


. Y | 


e 
. 


e 
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3 A. Cost Indexing. 


This method is used if you know what the cost of equipment or 
services have been in a previous year and you need to know what the cost 
is now. The U.S. Departments of Labor and Commerce publish monthly and 
annual cost indices for a large range of commodities and services 
including mining and willing. Indices are also found in Western Mine 
Engineering and Hoskins (1982). An example is a D-8 Catapiller bulldozer 

bey) that cost $150,000 in 1979 and you need to know its cost in 1982. Its 


= estimated cost would be: 


1979 cost x 1982 cost Index 
1979 cost Index 


by $150,000 x 343.8 = $150,000 x 1.34 = $201,273 
256.2 


B. Comparable Operations in the Same Mining District. 


Many established mining districts utilize mining methods that are 
similar. The cost per ton of ore or cubic yard of gravel removed will 
usually vary by only + 10 percent between properties. If operating cost 
data is available for two or three properties in the district, then 
operations of equivalent size, in terms of tons of ore or gravel removed 
per day, should be close to the average cost obtained from known 
operations. 


C. Grass Roots Estimating. 


This situation requires scoping out and estimating the project, or 
parts of a project from scratch. The references cited in cost indexing 
above, especially Western Mine Engineering, contain up to date purchase 

bs) costs of equipment and services. Another source is the manufacturer of 
the equipment. A point to consider is that equipment and improvements on 
site already owned and paid for cannot be capitalized into the project. 
See United States v. Mannix, 50 IBLA 110 (1980). For a small “mom and 
pop” operation, the standard for wages is the minimum wage; not union or 


contract wage scales. See United States v. Nettie G. Harper, 8 IBLA 357 
(1972). 


be 


3 
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D. Milling Costs. 


The costs of processing ore may be obtained from the operator or from 
the graphs in O'Hara (1980), Clement Jr. et al. (1981), Hoskins and Green 
(1981), and Hoskins (1982). The cost of water and disposal of tailings 
and waste should also be considered. Merritt (1984) is an excellent 
source of comparative data for benefication and mill circuits for many 
ores. The final cost output is in dollars per ton of rated capacity of 
the mill. 


E. Smelter Schedules. 


If the mine sells its own output through a custom smelter, instead of 
Free on Board at the mine site, the cost of smelting or ore reduction 
will have to be considered. Smelter schedules will have to be obtained 
from the mine or smelter operator. Western Mine Engineering has several 
smelter schedules for various commodities in the western United States 
and Canada. Smelter schedules have the following components: 


Charges: The basic cost of smelting and handling of the ore. 


Deductions: That portion of the received minerals that is 
not paid for, mainly for losses during smelting. 


Penalties: The additional cost to the smelter for treating undesirable 
elements in the ore. Arsenic, for instance, carries a very 
stiff penalty, as does a high moisture content. 


Premiums: Credits given for elements contained in the ore that are 
needed in the smelting process. Silica is a premium element 
in the smelting of copper ores. 


F. Reclamation and Environmental Costs. 


The cost of reclamation of a mine site and for environmental control 
measures: at the mine and mill must be taken into account in estimating 
the operating costs. Reclamation costs may be found in Paone et al 
(1974) and Johnson et al. (1982). 
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8. ‘The Marketing of a Mine's Products. 


The final step in evaluating a mining operation is determining if the 
product of the wine can be marketed. Minerals that are intrinsically 
valuable; such as gold silver, copper, lead, zinc, molybdenum, and other 
metallic minerals, are inherently marketable as there is an established 
national or world market for them. A potential market may be identified 
by consulting the latest published prices in the Engineering and Mining 
Journal or the Northern Miner. If the published price, converted to a 
price per ton, exceeds the cost per ton for operating and marketing 
costs, a market exists for the mine's products. 


A. Industrial Minerals. 


Minerals which are not intrinsically valuable, such as some industrial 
minerals, and materials with only local or regional markets, require an 
extra showing of marketability. See Layman v. Ellis, 52 LD 714 (1929), 
Secretarial Opinion, 54 LD 294 (1933), Solicitors Opinion M 36642, 69 ID 
145 (1962), and United States v. Coleman et al, 390 U.S. 599 (1968). The 
nature of this showing is stated in Foster v. Seaton, 271 F. 2d 836 (D.C. 


Circuit, 1959) where the Court outlined the following requirements: 


(1) Accessibility. 


a. To the deposit. 
b. To the market area. 


(2) Bona Fides in Development. 


a. Plants and equipment. 
b. Present or past usage of the property. 
c. Status of mine (undeveloped, developed, or on standby). 


(3) Proximity to Market. 


a. Transport and haulage costs. 

b. Number of users or buyers in market area. 
c. Number of competitors in market area. 

d. Consumption by users. 

e. Production by competitors. 


(4) Existence of Present Demand. 


a. Sales contracts or letters of intent to purchase. 

b. Present use of the commodity in the market area. 

c. Is consumption in the market area greater than 
production by competitors. 

d. Is the product of this mine of a superior quality 
than that of the competition. 
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(5) Other Factors. 


a. Anything not covered above that has a bearing on 
the sale of the product . ; 


B. Price or Market Fluctuations. 


The Department has ruled that it is proper to consider historic 
price and cost fluctuations in the consideration of marketability. 


As stated in IN RE Pacific Coast Molybdenum Co., 75 IBLA 16 (1983): 


“The requirement that mining claimant show that the mineral 
discovered on the claim is presently marketable at a profit 
simply means a mining claimant must show that, as a present 
fact, taking into consideration historic price and cost factors 
as well as the likelihood of their continuance or change, there 
is a reasonable likelihood of success that a paying mine can be 
developed.” 


With certain commodities, especially gold, silver, and some base 
metals, prices can fluctuate considerably over several years. This 
fluctuation must to be taken into account when making projections on 
the viability of an operation. Current market trends and historic 
price fluctuations must be taken into account. In these cases, it 
is recommended that a 5- to 10-year average be taken in current 
constant dollars for the commodity's annual price on the market, as 
given in the Commodity Summaries of the Bureau of Mines. The 
average can be projected forward and estimated prices falling within 
+ 10 percent of the projection can be considered to be close enough 
in value for this purpose. Another method is to use the official 
projections of consumption and projections of the Bureau of Mines as 


given in the Commodity Summaries. 


C. Unmarketable Material. . 


Industrial minerals, such as sand, gravel, perlite, gypsum, 
limestone, cinders, and building stone, are of widespread occurrence 
and have a low unit value. They may exist on the property in far 
greater abundance than can be reasonably marketed at present or in 
the reasonably foreseeable future. See United States v. Oneida 
Perlite, 57 IBLA 167 (1981); United States v. Claire Williamson et 
al, 87 ID 34 (1980); Melton E, Baker v. United States, 613 F. 2d 
224, (9th Circuit, (1980)) cert denied 49 USLW 3710 (1981); and 
McCall v. Andrus, 628 F. 2d 1185, (9th Circuit (1980)), cert denied, 
449 U.S. 932 (1980). 
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In this instance, the appropriate test is whether the reserves of each 
mining claim individually can enter the market. Each mining claim must 
stand on its own. In the case of association placer mining claims, each 
10-acre unit is examined in this context. The amount of reserves held by 
a mining claimant as well as the total available reserves in the general 
market area may be considered. The mining claimant's holdings must be 
considered in the same manner as other competitive sources of the same 
material. The amount of reserves reasonably marketable in this limited 
instance will be determined on a case-by-case basis by the mineral 
examiner. 


9. Economic Analysis of a Mineral Property. 


The fair market value of the mineral estate or property must be 
determined in processing a section 209(b) of FLPMA application for the 
purchase of the Federal mineral estate; or in appraising a mineral 
property for sale, exchange, or condemnation. An economic analysis may 
be necessary to ensure the viability of the proposed operation in cases 
involving the marketability of industrial minerals with large reserves 
and a limited market. 


A. Net Value of the Ore. 


The net value of the ore is calculated from the process followed in 
sections V-l1 to V-8 of this chapter. The net value is the gross value of 
the ore in dollars per ton less the costs, in dollars per ton, of mining, 
milling, and marketing the ore. The costs are computed up to the point 
of delivery either FOB at the mine site, the smelter, or to a third party 
purchaser. 


B. Calculation of Operating Cash Flow. 


The calculations will vary from State to State as they must be tailored 
to conform to State and local tax laws. The life of an operation may be 
estimated by using Taylor's Rule of Thumb (Hoskins and Green, 1982, p 7) 
by taking the 4th root of the ore tonnage (in millions) and multiplying 
that number by 6.5. If a company has a different production life 
planned, use that projection for the calculations. A company's 10-K 
report, filed with and available from the Securities and Exchange 
Commission, is a good data source for operating cash flows. 
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C. Net Present Value Calculations. 


To obtain the net present value of a property, its future net earnings, 
over its projected life span, are converted to present day value by a 
discount process. The Discounted Cash Flow (DCF) method establishes both 
the net present value of a property and the Internal Rate of Return (IRR) 
for the project. The IRR is the forecast of the payback to the investors 
in the project. For most mining operations, a DCF rate of 15 percent is 
considered the minimum return for prudent investment. 


To calculate a DCF, the operating cash flow must be adjusted to a net 
cash flow. The net operating cash flow is discounted at an appropriate 
rate of return and the values for each year are summed over the life of 
the project. 


The Bureau of Land Management has a mine simulation and evaluation 
program called MINSIM available through the Denver Service Center. It 
can be accessed on the State Office level six computers. This program 
will calculate the economic profile of a mining operation. The profile 
can be varied to give minimum necessary prices for commodities for 
profit, IRR, net present value, and other data useful for this line of 
work, It does require accurate cost and production estimate in order to 
accurately calculate results. 


The DCF process requires an understanding of cost estimation for mining 
operations and a working knowledge of mineral economics and taxation 


requirements. A DCF analysis should not be attempted by mineral 
personnel until they have had training in cost estimating. 


(@ 
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CHAPTER VI. The Mineral Report 
1. General Requirements. 


The mineral report conveys the examiner's professional opinions, based 
upon factual technical data and should conform with Bureau Manual Section 
3060 unless the BLM State Office mineral examiner agrees to modifications 
for unusual circumstances. For matters of style consult the Suggestions 
to Authors of the Reports of the U.S. Geological Survey, (6th ed.), 
Bishop et al (1978). The report should be concise, ensuring that all 
data support the conclusions. 


The writer of a mineral report should always acknowledge the sources of 
data and information used in the report. CONFIDENTIAL INFORMATION USED 
IN THE MINERAL REPORT CANNOT BE RELEASED WITHOUT THE WRITTEN CONSENT OF 
THE OWNER OF SUCH INFORMATION. Government employees and officers who 
release confidential information without the written permission of the 
owner are in violation of 18 U.S.C. 1905, which requires that all such 
violators be removed from office or their job, and if prosecuted and 
convicted, be fined up to $1,000 or jailed for up to 1 year, or both. 


A Memorandum of Understanding with other surface management agencies may 
allow other agencies to perform mineral examinations for the BLM; such an 
agreement gives the cooperating agency certain responsibilities. The 
other agency is essentially under contract to BLM. For the purposes of 
18 U.S.C. 1905, the agency is a secondary office of control for the 
Department of the Interior in handling proprietary and confidential 
information submitted by a mining claimant whose mining claim is being 
investigated. The agency cannot release such proprietary or confidential 
material without either the written consent of the owner of such 
information or the permission of the appropriate BLM State Office. The 
final adjudicative action with a validity examination rests with the 
appropriate State Director of the BLM and not with the cooperating agency. 


2. Review Process for Mineral Reports. 


All mineral reports for validity examinations, including those prepared 
by other agencies or by contract, must be reviewed and approved by the 
BLM prior to processing of the recommended action. Mineral reports must 
meet the standards of the Department of the Interior in effect at the 
time. Reports that are not satisfactory will be returned to the 
originating agency or contractor for necessary revisions. 


The Department of the Interior standards are contained in the Bureau of 
Land Management Manual Sections 3060 (Mineral Reports) and 3890 (Mineral 
Investigations). Review is standardized through the use of Bureau form 
3060-2 (Mineral Report Evaluation). This form is the checklist to ensure 
that all legal and technical criteria for the proposed action are met. 
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CHAPTER VII. Testifying as an Expert Witness 


1. Preparation for a Hearing. 


A mining claim contest involves an issue of fact and can only be resolved 
as a result of an administrative hearing. The Department of the Interior 
has held that the hearing procedures of the Administrative Procedures 
Act, 5 U.S.C. 554-559 (1982), apply to contests involving mining claims. 
See U.S. v. Keith v. O'Leary, et al, 63 ID 341 (1956). The hearing is 
conducted in a quasi-judicial manner by an Administrative Law Judge 
(ALJ), and the proceedings are recorded verbatim by a court reporter. 

The ALJ will hear the evidence and then issue a decision on the matter. 
Both the Government and the contestee may submit oral and written 
testimony. The witnesses are subject to cross-examination during the 
hearing by the respective counsels. 


Either party may appeal the decision of the ALJ to the Interior Board of 
Land ‘Appeals (IBLA). The IBLA has the delegated authority of the 
Secretary of the Interior to review all appealed decisions. The IBLA 
will either uphold the ALJ's decision, reverse the ALJ's decision, or 
order additional actions to be taken by the ALJ or agency to resolve the 
issues involved. The IBLA decision is final and binding upon the 
Government. The mining claimant has the right of appeal to the Federal 
Courts. 


An expert witness is one who is qualified to speak authoritatively by 
reason of special training, skill, or familiarity on the subject (Blacks 
Law Dictionary, 4th ed., 1968). The Federal Courts have required that a 
government mineral examiner be a specialist in the evaluation of a mining 
claim. See Rogers et al. v. James Watt, 776 F. 2d 1376, (9th Circuit, 
1984); Charleston Products v. Andrus, 553 F. 2d 1213-1214, (9th Circuit 
Court, 1977); Verrue v. United States, 457 F. 2d 1204, (9th Circuit 


Court, 1972); and United States v. Janet Copple, et al, 81 IBLA at 132, 
136 (1984). 


Expert witnesses are called upon for testimony related to their field of 
expertise. If necessary, a corroborating witness or an outside expert 
may be called to give supporting testimony. A mineral examiner, who is 
to testify as an expert witness, must first demonstrate his competence 
and qualifications to the satisfaction of the ALJ. For example, a mining 
engineer, geological engineer, or geologist can qualify as an expert 
witness on mining or geology only, unless the proper foundation has been 
laid to qualify him as an expert on other aspects of the mineral 
property. Foundations can be established on the basis of the examiner's 
education and professional experience. The Government's counsel develops 
these foundations at the opening of the hearing. 
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Do not underestimate your status as an expert witness. You will ! 
generally be the major witness for the Government. What is said on the o 
witness stand not only may affect the Government's case, but may also be 

a factor in establishing “case law” through the court decision. The 

mineral examiner must be well prepared when presenting testimony at a 

hearing. 


At his/her discretion, or upon request of either party, the ALJ may order 

a prehearing conference. The purpose of the prehearing conference is to @® 
speed up the hearing by simplification of the issues; to exclude 

irrelevant issues by obtaining stipulations, admission as to uncontested 
facts, and agreements to the introduction of documents; to limit the 
number of expert witnesses; or to deal with other matters that may aid in 
the disposition of the proceeding. 

Once the date has been scheduled for the prehearing conference or hearing _ 
by the Office of Hearings and Appeals, the mineral examiner and the e 
counsel for the Government must review all issues and facts of the case 

and prepare for the hearing. It is incumbent upon the mineral examiner 

to acquaint the counsel for the Government with every technical question 
involved in the case. If more than one mineral examiner has been 

involved, all mineral examiners should be present for the conference. 

The mineral examiner and counsel for the Government will review the 

adequacy of all documents, maps, photographs, assay certificates, and 

other supporting evidence to be used at a contest hearing. Three copies 

of each exhibit should be prepared for the hearing; one for the ALJ,. one 

for the opposing counsel, and one for the Government's counsel. The ALJ 

will provide at least 30 days advance notification of the time and place 

for the hearing. 


The mineral examiner should maintain a working file for reference until 

the case is finally decided. If at all possible, revisit the mining 

claim(s) or mill site(s) shortly before the hearing to determine whether 

or not there has been recent activity. Review all calculations, grade 

and tonnage estimates, mining costs, and other pertinent information. If 
considerable time has elapsed since the field examination, you should @ 
update the examination, report, and calculations. These will be the : 
primary topics at the hearing. 


It is possible through prehearing agreements between counsels or by an 

order issued by an ALJ, all or parts of the mineral examiner's mineral 

report may be made available to the opposing party for review prior to 

the hearing. When such a request is involved, the conclusions and ® 

recommendations of the report will be excluded. The mineral examiner 

should be prepared to define and/or explain any terms or procedures used 

which may be unfamiliar to the ALJ or to the opposing counsel. If the 

mineral report is not introduced as evidence, be prepared to testify from 

field notes and/or memory. Remember that anything taken to the witness 

stand is also subject to examination by the opposing counsel. ( 
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To effectively prepare for your testimony, familiarize yourself with the 
five categories of questions which the counsel will use to develop 
testimony: 


A. TO ESTABLISH THE EXPERT WITNESS' QUALIFICATIONS. To aid your counsel 
in the demonstration to the court as to your competence, prepare a 
professional record and/or a statement of qualifications. Include 
education, professional licenses or registration, work experience, and 
publications. Counsel may introduce your record as evidence in order to 
eliminate the necessity for further questioning. 


B. TO ASSOCIATE THE WITNESS WITH THE SUBJECT PROPERTY. The physical 
examination of the mining claim or mill site is covered here. 


C. TO ESTARLISH THE NATURE AND SCOPE OF THE DATA CONSIDERED BY THE 
WITNESS. Calculations of ore reserves, analysis of the market, and 
mining costs, etc. 


D. TO OBTAIN THE WITNESS‘ OPINION AS TO THE VALIDITY OF THE MINING CLAIM 
OR MILL SITE. 


E. TO PRESENT THE REASONS FOR THE OPINION. This will be a synopsis of 
items covered in 2 and 3 above. 


The Government, as the party initiating the contest action (contestant), 
presents its case first. The mineral examiner is usually called as the 
first expert witness. At that stage of the proceedings, the counsel for 
the Government developes the witness’ direct testimony, thereby 
presenting the Government's case. Both you and the Government's counsel 
must be thoroughly familiar with your testimony as to the facts before 
the proceedings begin. At this point, you, as the expert witness, must 
establish the Government's PRIMA FACIE case. (PRIMA FACIE: a fact 
presumed to be true unless disapproved by some evidence to the contrary. 
A PRIMA FACIE case, therefore, is one which is established by sufficient 
evidence and can be overturned only by rebutting evidence adduced on the 
other side). 


During cross-examination the opposing counsel may seek to discredit both 
you as an expert witness and your testimony. You are largely on your own 
and your professional reputation is “on the line.” In redirect 
examination your counsel will have the opportunity to review points 
raised in cross-examination. However, the lapse of time may result in 
loss of continuity, concentration, meaning, and emphasis. 


During the testimony of the contestee's witness, listen attentively and 
write down questions that should be asked by the Government's counsel 
during cross-examination. You should also assist counsel in the 
preparation of any rebuttal evidence. 
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2. Hearing and Courtroom Demeanor. @ 


Remember, that in giving expert testimony in an administrative hearing or 
in court, maintain a friendly, unbiased attitude. You should try to make 
the ALJ understand that you are there, not as a witness for one side or 
the other, but to give your expert opinion on the validity of the mining 
claim or mill site so that an impartial decision may be made. Your 

counsel is experienced in courtroom procedures and will do everything ®@ 
possible to help you be an effective witness. 


When you are called to the stand as an expert witness, you must convince 
the Administrative Law Judge, Federal judge, and/or jury that you are 
qualified to give testimony. Then you must present the facts so as to 
leave no question of how and why you formulated your opinion. The 
following time-proven suggestions will help a prospective witness enhance 
the possibility of obtaining a decision favorable to the opinion of the 
expert witness. 


A. SPEAK CLEARLY. Do not mumble. Speak loudly and clearly so that 
everyone in the hearing room can hear you. The person taking the 
verbatim record of your testimony, must be able to hear you and 
record what you actually say. Do not hesitate to spell out a 
difficult technical term. 


B. THE DECISION OF THE ALJ WILL BE BASED SOLELY ON THE TRANSCRIPT. 
Always make sure that you give a complete statement using 
complete sentences. A half statement or incomplete sentence may 
convey your thought at the hearing, but may be unintelligible 
when read later by the ALJ. 


C. WHEN REFERRING TO AN EXHIBIT, always identify your reference 
explicitly (e.g., referring to sample point 2 on Government 
Exhibit A). Also, references such as “this section of the 
drawing” will not be clear in the written record. Be explicit. @ 


D. LISTEN CAREFULLY TO THE QUESTION. Answer directly and simply, 
then stop. 


E. BE POSITIVE AND CIVE DEFINITE ANSWERS WHENEVER POSSIBLE. 
Avoid phrases such as "I think,” or "I believe,” or “As best I 
can remember." This weakens your testimony. 


F. IF YOU DO NOT KNOW THE ANSWER, SAY SO. Do not guess or make up @ 
an answer. 


G. DO NOT ATTEMPT TO ANSWER QUESTIONS YOU DO NOT UNDERSTAND. Ask the 
examining counsel for clarification, particularly where the 
question is long and involved. 
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H. IF YOU MAKE A MISTAKE, CORRECT IT IMMEDIATELY. If your answer 
was not clear, clarify it immediately. 


I. NEVER VOLUNTEER INFORMATION. Answer the question that was asked, 
not what you think was intended. The transcript will show only 
the question asked, not what was in the mineral examiner's mind. 
Remember, no matter how nice the opposing counsel may seem on 
cross-examination, his job is to discredit you as an Government 
witness. 


J. DO NOT ANSWER THE QUESTIONS OF THE MINING CLAIMANT'S COUNSEL TOO 
QUICKLY. Never anticipate the question to be answered. Wait 
until it is completed before answering. 


K. BE FIRM IN STICKING TO THE ANSWERS YOU HAVE ALREADY GIVEN, IF 
TRUE. If it turns out you were mistaken in some of your 
testimony, admit it. The truth is more important than stubborn 
consistency. 


L. BEWARE OF HYPOTHETICAL QUESTIONS. Do not allow yourself to be 
led into expressing a positive opinion about things of which you 
are uncertain. 


M. IF YOU ANSWER A QUESTION ON CROSS-EXAMINATION BY A “YES” OR "NO" 
AND FEEL THAT YOU MUST QUALIFY OR EXPLAIN YOUR ANSWER, 
IMMEDIATELY BEGIN THE EXPLANATION. If the mining claimant’s 
counsel attempts to stop you by saying that you have answered his 
question, explain to the ALJ the need to enlarge on your answer. 
If you are not allowed to do so, do not worry. Your counsel will 
question you later on your answer. 


N. CONSIDER YOUR ANSWER CAREFULLY BEFORE REPLYING to a question from 
opposing counsel concerning your earlier testimony. You may have 
your previous testimony read from the record if necessary. 


O. AVOID HEARSAY TESTIMONY IF POSSIBLE. Remember, as an expert 
witness you are testifying to the facts upon which you based your 
opinion. Generally speaking, at some time during the hearing, 
you will be permitted to relate all the information (whether 
hearsay or not) upon which you based your opinion. 


P. DO NOT ARGUE OR TRY TO BE CLEVER with the mining claimant's 
counsel. Remember, the advantage lies with the mining claimants’ 
counsel. 


Q. REFER TO OTHER WITNESSES RESPECTFULLY and in a friendly and 
considerate manner. Strive to convince the ALJ that you know 
what you are doing, that you are fair and sincere, and that you 
are not infallible. 
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R. AVOID OVERLY TECHNICAL TERMS if at all possible. If you must use (®@ 
them, be prepared to spell and define them for the court reporter. 


S. CONTROL YOUR EMOTIONS. Derogatory remarks or reflections on your 
work and ability may be made by opposing counsel. Displays of 
anger, confusion, or an erroneous response will give the opposing 
counsel a distinct advantage. If anyone is to get irritated, 
bored, impatient, angered, or disgusted, let it be someone else 
in the courtroon. 


T. ABOVE ALL, BE PREPARED. There is really no reason to be 
frightened or nervous, if you are well prepared and know the 
facts relating to your testimony. Relax, and remember that you 
are simply telling what happened. 
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MARKINGS FOR STONE ‘ 
SECTION CORNERS 


z Township Line = 


Range Line or Guide Meridian 


= Township Line = 


Quarter - Section Corners are marked with the 
fraction “z" those on meridional lines on their 


west, and those on latitudinal lines on their north 
faces. 
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Feet Feet Feet 
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A 265. 9&8 34. 
= 266. GA 35. 
3. 267. H 36. 
3. 287. 96 36. 
4. 268. 37. 
5. 269. 28 38. 
5. 269. 94 38. 
6. 270. @ 39. 

; & 271. 40. 

7. 271. 40. 

8. pore 41. 

9. 273.24 42. 

9. 273. 9 42. 
10. ) 274. 56 43. 
11.22 275. 22 4. 
1. 275. 88 44. 
12.54 276. sl 45. 
13. 2 277. 46. 
13. 277. 46. 
14. 5: 278. &: 47. 
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18. 48 8} 282. 51. 
19.14 283. §2. 
19. 283. §2. 
20. 46 234. 53. 
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For conversion of even or whole chains, up to 100 chains, use columns zero chal 


and links, and place decimal two points to the right. 
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For conversion of even or whole chains, up to 1000 chains, use columns chains and 
links, and place decimal two points to the right. 
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FRACTIONAL FEET IN PER IWCRES MILES METERS ACRES PER SQ IN SQ MI PER 
SCALE PER INCH 100 FT PER MILE PER IN PER IB $Q INCR PER ACRE $Q INCH 
1:500 41.667 24.00 126.72 0.008 12.700 0.0399 25.091 0.00006 
1:600 50.00 20.00 105.60 0.009 15.240 0.0574 17.426 0.00009 
1:1000 83.333 12.00 63.36 0.016 25.4000 0.1596 6.273 0.00025 
1:1200 100.00 10.00 $2.80 0.019 30.480 0.2296 §=§ 4.356 ~=— 0.00036 
1:1500 125.00 8.00 42.26 0.024 38.100 0.3587 2.788 0.00056 
1:2000 166.667 6.00 31.68 0.032 50.800 0.6377. 1.568 0.00100 
1:24600 200.00 5.00 26.40 0.038 60.960 0.9183 1.089 0.0014 
1:2500 208.333 4.80 25.344 0.039 63.500 0.9966 1.006 0.0016 
1:3000 230.00 4.00 21.12 0.047 76.200 1.4348 0.697 0.0022 
1:3600 300.00 3.333 17.60 0.037 91.440 2.0661 0.48% 0.0032 
1:4000 633.333 3.00 15.84 0.063 101.600 2.5508 0.392 0.0060 
1:4800 400.00 2.50 13.20 0.076 121.920 3.6731 0.272 0.0057 
1:5000 416.667 2.40 12.672 0.079 127.000 3.9856 0.251 0.0062 
1:6000 $00.00 2.00 10.36 0.005 142.400 $.7392 0.174 0.0090 
1:7000 583.333 1.716 9.051 0.110 177.800 7.8117 0.128 0.0122 
1:7200 600.00 1.667 8.80 0.114 182.880 6.2645 0.121 0.0129 
1:7920 660.00 1.515 8.00 0.125 201.168 10.00 0.00 0.0156 
1:8000 666.667 1.500 7.92 0.126 203.200 10.203 0.098 0.0159 
1:8600 700.00 1.429 7.543 0.133 213.360 11.249 0.089 0.0176 
1: 9000 780.00 1.333 7.041 0.142 228.600 12.913 0.072 0.0202 
1:9600 600.00 1.250 6.60 0.152 263.840 14.692 0.068 0.0230 
1: 10000 633.333 1.200 6.336 0.158 254.000 15.942 0.063 0.02749 
1:10600 900.00 4.111 $.867 0.170 274.321 18.595 0.058 0.0291 
1:12000 1000.00 1.0 $.280 0.189 304.801 22.957 0.0464 0.0359 
1:13200 1100.00 0.909 4.800 0.206 335.281 27.778 0.036 0.0434 
1:14400 1200.00 0.833 4.400 0.227 363.761 33.058 0.030 0.0517 
1:15000 1250.00 0.80 4.224 0.237 381.001 35.870 0.028 0.0560 
1:15600 1300.00 0.769 &.062 0.246 396.241 38.797 0.026 0.0606 
1:15640 1320.00 0.758 &.00 0.250 402.337 40.000 0.025 0.0625 
1:16000 1333.333 0.750 3.96 0.253  &£06.400 60.812 0.026 0.0638 
1:16800 1400.00 0.714 3.771 0.265 626.721 44.993 0.022 0.0703 
1:18000 1300.00 0.667 3.32 0.284 637.201 51.653 0.019 0.0807 
1:19200 1600.00 0.625 9.30 0.303 487.681 $8.770 C.017 0.0918 
1:20000 1666.667 0.60 3.168 0.316 $08.002 63.769 0.016 0.0996 
1:204600 1700.00 0.588 3.106 0.322 $18.16 66.345 0.015 0.1037 
1:21120 1760.00 0.368 3.00 0.333 536.449 71.111 0.014 0.1111 
1:21600 1800.00 0.556 2.933 0.31 548.641 74.380 0.013 0.1162 
1:22800 1900.00 0.526 2.779 0.360 $79.121 62.874 0.012 0.1295 
1:24000 2000.00 0.50 2.660 0.379 609.601 91.827 0.011 0.1435 
1:25000 2083.333 0.480 2.534 0.395 635.001 99.639 0.010 0.1557 
1:31680 2640.00 0.379 2.000 0.500 804.676 160.000 0.006 0.2500 
1:48000 4000.00 0.250 1.320 0.758 1219.202 367.309 0.003 0.5739 
1:62500 $208.333 0.192 1.014 0.986 1587.503 622.744 0.0016 1.0000 
1:63360 5280.00 0.189 1.000 2.000 1609.347 640.00 1.0016 1.0000 
1:96000 8000.00 0.125 0.660 1.515 2438.405 1469.24 0.0007 2.2957 
1:125000 104616.667 0.096 0.307 1.973 3175.006 2490.98 0.0006 3.8922 
1:126720 10560.00 0.095 0.300 2.00 3218.694 2560.00 0.0004 4.00 
1:250000 29833.333 0.048 0.253 3.966 6330.012 9963.907 0.0001 15.5686 
1:253440 21120.00 0.067 0.250 4.00  6437.389  10244.202 0.0001 16.00 
1:500000 61666.667 0. 0.127 7.891 12700.025 39855.627 0.425 62.2744 
0.562 249.0977 


0.024 
1: 1000000 83333.33% 0.012 0.063 15.783 25400.050 159422.507 
12000 


Forsules Seale 63360 Scale (Ft/in) ¥ Scale 6272680 (Ft /in) 
LP Seale Scale 63360 0.3088 272640 (Scaie)* 27676850 
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Standard Topograhic Map Symbols 


BOUNDARIES 
: N 
——— <== — Iniemational boundary =e City boundary (large) 
@a---- ache 8 8 «=. ( SSS Township line : 


Reservation line 
Landégrant line 


ROADS AND RELATED SYMBOLS 


NORTH ARROW 


<== = Superhighway —w—e—w_ Transmission 
i Nat. interstate highwa; line 
@a-— Paved highway <7] > sagoitd —1—++—F Pipeline 
scmcecees improved hadsuface ~~~ 7~7777 Trail ———— Bridee 
sizs=z===: Graded or dirt road U.S. highway <a Culvert 
Unclassified State highway >: Tunnel 
seseee== Projected or under construction Railroad 
EEE Railroad (double track) 
MISCELLANEOUS SYMBOLS 
cust iayout 
O Town | JOOOOC As — Campground 
© Principal city O Water well C- Corral 
® Capital city am 10; potas © gee © Any located staiion 
a8 Be Ze Buildings (general) Lt , i Ceme Cemetery or object 
aCe Hei Town, city, and village (general) x Mine of quarry 
DRAINAGE AND PERTINENT WORKS 
== River SB maaeeey or drain channel ZZ Dam 
@ Streams Sn — Reservoir or 
~~ 5 Intermittent streams mates Flume pacere-pdgt 
= Tem Mee tgee Reservoir site 
ae Falls --=— Tunnel Wi,= ot = 
eae Marsh or swamp 
TOPOGRAPHIC RELIEF 
ie chibe = Sand dunes or desert Very’. Edge of timber 
ee ie Depression 
contour 
ann-“aaa-nar Rock outcrop oom Mountains 
at eock{\ carte Fill 
52 
ama aton Edge of mesa (Stas) Contours with elevations — focx Me Excavation 
or cul 
BLM MANUAL Bhae? tO) 
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Standard Topographic Map Symbols 


eos 


Prmaty rgnway, hard suslace 

Secondary highway. hard sustace 

Light duty toed, hard o« improved sustace 
Unimproved saad 

Road under construction. alinement known 
Proposed 100d 

Dual nighway. dwiding strip 25 feet of less 
Dust mignway. diveding stsp exceeding 25 leet 


Raiioad. single track and multiple trach 
Ra.l10ads 1A pualapostion 

Narrow gage. tungle each and multiple track 
Railroad on siseet and carne 

Giidge 100d and raisoad 

Drawbridge 100d and saload 
Footbridge 

Tunnel. oad and sanisoad 

Overpass ond underpass 

Smatt masonry of concrete dam 

Dam with toch 

Dam with 100d 

Canal with toch 


Busidings (dwelling, piace of employment, etc.) 
School. chusch. and cemetery 

Buildings (barn, warehouse. etc ) 

Power isansmission line ath located metal tower 
Telephone ling, pipetine, etc. (labeled as to type) 
Wells ofher than water (labeled a8 to type) 
Tanks. of. wates. etc (labeled unly 4 water) 
Located of landmark object, madmil 

Open pit. mine. of Quarry, prospect 


Stats and tunnel entrance 


Horsontal and vertical control stoton 


Tablet. spirit level elevation 86 4565) 


Others recoverable march, spisit level elevation 69498 


Hositontal comtso) station tablet. vertical angle elevelion vaaM deve 


Any recover ablg math. vertical angie or Cheched etevation avs 


Vertical Control station tablet. spinit level elevation Om x95) 


Olmert recoverable mark spirit level elevation uon4 


Spot elevation n7360 57360 


Water elevation 670 60 


BLM MANUAL 


Boundaries. National 
State 
County, passh, municipro 
Coil townsinp, precinct, town, bara 
Iacerpos ated crty, village. town, hamiet 


Reservation, Nationel a: State 


Smal park. cemetery, ewport. etc 


Lend gent 
Township os ange line, United States tand survey 
Township os conge ine, apprommate location ~ 
Section lina, United States tand survey 
Section tne, opprommate location 
Township lina, not United States land survey 
Section tina, nol United States land survey 
Found comer. section and closing 
Boundary monument: land grant and othes 
Fence on held tine 
inden contow ——~_____ Imlesmediete contour 
Supplementory contour 
Fu 


Oepression contours 
— Cut 
Levee ——immrinee Levee wih toad 


Mine dump Wash 


aie Tastings pond 


intrcate sustace 


Tolings 
Shultong sand of dunes 


Sand asee Gravet beach 


Perennral streame —— iatesmittent siraams 
Elevated squeduct ——__— Aqueduct tunne! 
Water well and spring 
Smatt roprds 
Losge sapids 
tatermittent lobe 
Foreshose Hat rn Roch o corel seet 
Sounding, deptr curwe —2-—. Pisng oF dolpnin 
Enposed wech ~ 


Roch, Bare oF awash; dangerous to navigation 


oe Glecier 


—~——_ Smet fais 


a 1 Lorge felis 


Sunben wrech 


—_— 


| pede ssh : | Submerged marsh 
te -- 
Wooded marsh (2-9 == J Mongrove 
Woods of Brushwood eee Orchase 
BRE Scrus 


Urben area 


4 assh (swamp) 


Voneyara 


Land subject to 
Contiatled inuadstion 


3-104 
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Standard Mining Symbols 


———> Air, intake direction Q 00H Diamond-drill hole(angle) [PHI] Raise (at surface) 
*» Ait, overcast over © oH-1 Diamond-drill hole( vertical)  ExXt Raise (bottom of 
intersecting workings underground) 
>——> Air, retum direction ix___ Dip (drill hole, slope, (KI) ~—sRaise (top of 
shaft, other) underground) 
LisoAl Air, undercast under A _ Drift in vertical cross [G) Rock bolt 
‘ intersecting workings section (shaft) 

Rock tunnel (under- 
s+ © aH Auger hole Glory hole eS end ta ay 
eae : 

¢_ Brattice, curtain PNUUUENTY) : PPYY)| Vellical shaft 
FAs = rerererrmmy LaRBing |PPr] (collar at surface) 
ae p . Shaft or winze 
= a Brattice, permanent SS Mine or quarry | (in vertical section) 
i 42. Mine or quarry EFF Shaft, inclined 
> a -reapiae a (abandoned) (collar at surface) 
wi ator) 
Se Mine dump (PPPP)| Shaft (underground) 
— ie Brattive, temporary Capes oem a 
Brattice, tempor , amt 7samrame Surface (in vertical 
3 Brattic F) ; 
i (with door) ry i mas Mine track cinss aechen) 
ie & Triangulation mark 
be Brattice, temporary = ae 1 Mine workings Q Survey monument 
rs. (with regulator) (underground) © Survey point 
© cok-+ Chum-drill hole (¥] Manway O<=> Test pit or trench 
) AS Chute, coal CS Opencut Tubing 
[=] Chute, ore Pillars, robbed (KIX) Winze (bottom of 
en underground) 
A011 Chute P : 
, OO Pibllats, solid WEE Winze (top of 
4 Converter or rectifier (underground) 
(underground) o% Placer mine or gravel pit [Pr] ~~ Pumproom 
) CQ) Crosscut in vertical 3% Placer mine or gravel noe Portal 


section pit (abandoned) 


BLM MANUAL 


Rel. 


3-104 
1/3/85 


@ 


Appendix I-F, page 1 


H-3890-1 -— HANDBOOK FOR MINERAL EXAMINERS 


Standard Drill Hole and Well Symbols 


OC) Welt tocation 


-O- Dry hole 
@ _ iil wen 


Oil well, shut-in 
Gas well 

Gas well, shut-in 
Water-injection well 


Water-injection well, shut-in 


Qe@Q Ke -® 


2 ® 


4 
(Q) 
(2) 


Co 


Gas-injection well 


Gas injection well, shut-in 


Wateresupply well 


Water-supply well, shut-ig 


Water-disposal well 


Water-disposal well, shut-in 


Abandoned status (indicated by 
adding > to appropriate symbol) 


Note: indicate abandoned status for shut-in wells by adding a crossbar to the long spoke that passes through 
the symbol, Thus, ( XE gas well, shut-in) becomes ( xe gas well, shut-in and abandoned), 


BLM MANUAL 
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Standard Drill Hole and Well Symbols 


DESCRIPTION PROPOSED | COMPLETED 


Angle drill hole 


Auger hole (up to and incl 6 in) 


Auger hole, large-diam (above 6 in) 


Seed i ee 
ae Ol PR 


When advontageous, indicate special character of drill hole or sampling 
by these abbreviations in parentheses, following drill-hole number. 


_ DESIGNATIONS 


BLM MANUAL Rel. 3-104 
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Standard Geologic Map Symbols 


Outcrops 


Bedrock outcrop 


Contacts Attitude of Beds 


Strike and dip 
of beds 
Strike and direction 
of dip of beds 
Approximate strike and 


direction of dip of 
beds 


Strike and dip of beds 
Top of beds known from 
sedimentory feotures 


overtumed beds 
Stitke and dip of 
overturned beds 


Top of beds known 


Component of dip 
Dot marks point 
of observation 


Strike and dip of beds 
and plunge of slick- 
ensides 

Crumpled. plicated. 
crenulated. or undula- 
tory beds and average 
dip 


@... MANUAL _ Rel. 3-104 
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Geologic Map Symbols 


Fault 
Bar and ball on down- 
thrown side 


Owt CREEK FAULT 


Fault 
Shounng relative hor- 


zontal movement 


Fault 
Showing bearing and 
phinge of shckensides 
on fauk plane O, 
downthrown side 


Fault, showing dip 
Fault, approximately 
located 


Probable fault 


Normal fault 


Hachures on apparently 
downthrown side 


---?----?----2- 


Reverse fault 
R, upthrown side 


Doubtful fault 


Hypothetical fault 


Thrust fault 
T, upper plate 


Thrust fault 


Fault, located by 
ground magnetic 
survey 

Fault, located by 
airbome magnetic 
survey 


Fault, or ineament 
from aerial 
photographs 

Not checked or sden- 
tified on ground 


Overturned thrust 
fauh 
Sawteeth in direction 


Fault (shear or 


mytonite) zone. 
showing dip 


Fault, intruded 
by dike 


Fault, intruded 
by dike 


meters. U, upthrown side, 
D, downthrown side 


Subsurlace fault 


BLM MANUAL 
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Geologic Map Symbols 


\ Foliation or Shistosit Linear Features 


Strike and dip of ; Bearing of plunge 
foliation ; of lineation 


of dip of foliation 
foliation 


‘ Strike and dip of 
Relationship of P 
fohation (or shis- fotation and plunge i, 
tosity) to bedding of Ineation 
not shown in outcrop Vertical foliation 
showing horizontal ste 
= 
Strike and dip of Strike and dip of — 
fofiation and : fotation showing ote 
parallel bedding horizontal Eneation 
=a s ae Strike and dip of 
Strike of vertical 
fokiation and = and plunge of "ae 
parallel bedding ineation 
Vertical foliation 
Strike and dip of ad watical on 
fobation and Sasnuniad 
parallel overturned rate = 
ta fotlation showing <0 
Horizontal follation pl $4 Snckiion 
cn morte Vertical beds showing wie 


horizontal Ineation 


Vertical beds showing 
plunge of lineation 


Approximate strike of 

folded beds showing 

plunge of fold axes 

Attitude of fotation 
and overturned beds. 

strikes parallel 

but dips differ 


Strike and dip of 
beds intersecting 
slip cleavage 


Strike and direction 
of dip of joints 
Strike of vertical 


woliiint 
joints 
Horizontal joints -e 
Strikes and dips 
of multiple joints 7 
Rel. 3-104 
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a 


Doubtful anticline 
Ty ete # . 
cree 


Anticline 


Showmg trace of cres- 
al plane Dashed where 


approximately located 


Anticline 


Showing trace of crest- 
al plane and direction 
of plunge 


Anticline 
Showing trace of crest- 
al plane and plunge 


Asymmetric anticline 


Showing trace of crest- 
al plane and plunge 
Short arrow indicates 
steeper limb 


Asymmetric anticline 


Showing dip of 
imbs and plunge 


Overtumed anticline 
Showing direction of 


dip of imbs and 
Plunge 


Inferred anticline 
or 
Probable anticline 


BLM MANUAL 
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Geologic Map Symbols 


Folds 


Syncline 
Showing wace of rough 
plane. Dashed where 
approximately located 


Syncline 
Showing trace of trough 
plane and direction 


of plunge 
Syncline 


Shawing trace of trough 
plane and plunge 


Asymmetric syncline 

Showing trace of rough 
plane and plunge 
Shon arrow indicates 
steeper limb 


Asymmetric syncline 
Shouang dip of limbs 
and plunge 


Overtumed syncline 


Showing direction of 
dip of limbs and 
direction of plunge 


Inferred syncline 


or 
Probable syncline 


Doubtful syncline 


Concealed syncline 


Invented syncline 


Arrows show direction 
of dip of limbs 


Synform 
Drawn on foliation, 
cleuvage or bedding 


Rel. 
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Geologic Map Symbols 


Folds 


Monoclines 


Monocline 
Showing trace and 
direction of plunge. 
Dashed where approx- 
imately located 


Anticlinal bend 


Showing trace and iA ae 
direction of plunge > , 
Dashed where approx- 


imately located 


Minor Fold Axes 


Showing plunge 
Showing plunge 
Minor fold axis 


Minor fold axis, 
horizontal 


Minor folds 
Showing plunge of 
axes 


bd 


BLM MANUAL 


Contours and Qpleths 


Structure contours 
Drawn on top (or base) 
of geologic honzon 

Dashed where control 
is poor. Contour in- 
terval 20 feet. Arrow 
indicates direction 

of dip 


Outcrop point 


Used for structural 
control 


Magnetic contours 
Showing total intensity 

magnetic field of the 
earth in gammas rela- 
tive to arbitrary 
datum. Hachured to 
indicate closed areas 
of lower magnetic in- 
tensity, dashed where 
data are incomplete 
Contour interval 20 


gammas 
Maximum or 


2000—— ——— 


minimum intensity 


Locetion measured 
within closed high 
or closed low 


Flight Path 
Showing location and 
spacing of data 


Isoradioactivity 
contours (or isograds) 


Interval 50 counts 
per second (air- 
bome survey) In- 


terval 50 micro- 
roentgens per hour 
(ground surveys) 


Gravity contours 
(or Isogals) 
Dashed where control 


ispoor Contour 
interval 1 milkgal 


Gravity station 
and number 


Isopachs 


Dashed where control is 
poor. Interval 3 meters 


Mineral isograds SILLIMANITE 
Metamorphic zones indi- STAUROLITE 


cated by mineral names 


Rel. 3-104 
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Geologic Map Symbols 


Ores, Veins, Alteration Sedimentary Ores, Structures 


a 


Strike of roll 

Showing geometric th 
configuration in 
cross section 


Vein, showing dip 


Direction of plunge of 


cross-stratification 


in sandstone pemee Soss 
Showing direction of 
Mineralized stringers ere flow of depositing 
or veinlets stream 
[oc 
Altered wallrock 
Showing itensay of \ Lineation trend =e 
akeration by con- ies . aS 
centration of dots : 
Festoon trend ~¢— 
Dike a 
Surface Workings Large Scale Maps 
OPAHUTE 2 
Qo 


Diamond-dril hole om 
Drill hole, $ 
low-grade ore 
Drill hole, 4 
high-grade ore 
willy, 


Mine dump LL i Dri hole, inclined 

Showing bearing and 
inclination; surface fe 
position and aki- Z 
tude; vertical pro- ae ¢ 
jection of bedrock 3620 45 
surface, bottom of 
hole, and thickness 
of overburden; and 
length of hole. in 
meters 


BLM MANUAL Rel. 3-104 
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Standard Earth Material Symbols 


; Ay 


. * 
ee 
as we* € 


Earth surface Backfill 


§ C4 SEBS JOO OO00000K, 
a Bele) MARK AK KK 
ma PUA AM AKAK RAK 

Rock, 
amorphous stratified 
| DEO WY 
oO rs Uy 
2 = La 
, Boulders, cobbles, Clay Sandy loam 
and sand 
SIN oa : 
Unclassified Ground-water 
rock level 


Calcareous 


Thin-bedded or 
shaly sandstone sandstone 
so 
EEE 
K- 
Thimbedded Cherty Dolomite 
limestone limestone 
3 ES BS 
E—.| 
2 = Ba ae 
Clayey, shaly, or Shale 


shale 


argillaceous limestone 


Clay or 


we 
CL 


swamp muck 


BLM MANUAL 


Undefined 
surface 


WWYMVAAA, 
\ \\ ny aa ; 


Igneous rocks 


Bedded 
sandstone 


limestone 
is -?] [¢-N¢ fe] 
Str ete st 
iy 213-453-213 -23-11 5) 


Crystalline limestone 
or marble 


~ Sandy shale 


' 

puree 

= ZL 
pele re 


Gypsum 


Carbonaceous 
shale 


Gneiss 


Rock surface ' 


Clay, hardpan, 
and boulders 


Cross-bedded 
sandstone 


ieaeee 


Massively bedded 
limestone 


Rel. 
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Trigonometric Functions 
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Degree Sine Tangent Cosine Cotangent Degree 
0 0.0000 0.0000 1.0000 INFINITY 90 
1 0.0175 0.0175 0.9998 57.2900 89 
2 0.0349 0.0349 0.9994 28.6363 88 
3 0.0523 0.524 0.9986 19.0811 87 
4 0.0698 0.0699 0.9976 14. 3007 86 
5 0.0872 0.0875 0.9962 11.4301 85 
6 0.m045 0.1051 0.9945 9.5144 8h 
7 0.1219 0.1228 0.9925 8.1b43- 83 
8 0.1392 0.1405 0.9903 7.1154 82 
9 0.1564 0.1584 0.9877 6.3138 81 

10 0.1737 0.1763 0.9848 5.6713 80 

11 0.1908 0.1944 0.9816 5.146 79 

12 0.2079 0.2126 0.9781 4.7046 - 78 

13 0.2250 0.2309 0.9744 4.3315 TT 

14 0.2419 0.2493 0.9703 4.0108 76 

15 0.2588 0.2679 0.9659 3.7321 75 

16 0.2756 0.2867 0.9613 3.4874 7h 

17 0.292h 0.3057 0.9563 3.2709 73 

18 0.3090 0.3249 0.9511 3.0777 72 

19 0.3256 0.3443 0.9455 2.90k2 71 

20 0.3420 0.3640 0.9397 2.7475 70 

21 0.3584 0.3839 0.9336 2.6051 69 

22 0.3746 0.4040 0.9272 2.4751 68 

23 0.3907 0.4245 0.9205 2.3559 67 

2h 0.4067 0.4452 0.9135 2.2460 66 

25 0.4226 0.4663 0.9063 2.1445 65 

26 0.4384 0.4877 0.8988 2.0503 64 

27 0.45h0 0.5095 0.8910 1.9626 63 

28 0.4695 0.5317 0.8830 1.8807 62 

29 0.4848 0.5543 0.8746 1.8041 61 

30 0.5000 0.5774 0.8660 1.7321 60 

31 0.5150 0.6009 0.8572 1.6643 59 

32 0.5299 0.6249 0.8480 1.6003 58 

33 0.5446 0.6494 0.8387 1.5399 57 

34 0.5592 0.6745 0.8290 1.4826 56 

35 0.5736 0.7002 0.8192 1.4281 55 

36 0.5878 0.7265 0.8090 1.3764 54 

37 0.6018 0.7536 0.7986 1.3270 53 

38 0.6157 0.7813 0.7880 1.2799 52 

39 0.6293 0.8098 0.7771 1.2349 51 

ho 0.6428 0.8391 0.7660 1.1918 50 

hy 0.6560 0.8693 0.7547 1.1504 49 

ho 0.6691 0.9004 0.7431 1.1106 48 

43 0.6820 0.9325 0.7314 1.0724 47 

hh 0.6947 0.9657 0.7193 1.0355 46 

45 0.7071 1.0000 0.7071 1.0000 4S 

Degree Cosine Cotangent Sine Tangent Degree 

BLM MANUAL Rel. 3-104 
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We then bave: 
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Solving Triangles 


sin A = BC 
cos A = AC 
tan A =~ DF 
cot A = HG 
sec A = AD 
cosec A = AG 
versin A = CF=— BE 
coversA = BK = HL 
exsecA = BD 


chord A 


F 
chord 2A = BI = 2BC 


® In the right-angled triangle ABC 
Let AB=c,AC=b,and BC—a. 


sin A 


cosec A 


vers A 


exsec A 


. covers A 


£ — cosB 
c 

4 = sin B 
e 

“. > 

b = cot B 
= = tan B 
a 

c 

b = cosec B 
£ -=secB 
a 

oe. covers B 
c 

c—b 


e—a 
ay versin B 


c—a 
coexsec A — —~— = exsec B 
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21. area = 


Let A = angle BA C — arc BF, and let the radius A F= AB = AH= 1. 
We then have 


20. 


ab 
2 


Fig 1. 


a=csinA — btanA 
b= ccos A —acot A 


a b 


€™ sinA  cosaA 


a= cco B= bcot B 
b=—csinB=atanB 
; ~ EE sin B 
a= J (c+b) (c-b) 
b= ¥ (c+a) (c-@) 


c= Jaipbi 


C= 9° = A+B 


Rel. 


3-104 
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Solving Triangles 


SOLUTION OF OBLIQUE TRIANGLES. 
B 
¢ a@ - 
A Cc 

Fa. 2. 
GIVEN. SOUGHT. FORMULA. 

ee ee 
A,R3 C,b,¢ C=180°—-(4+B), b ane sin B, 


a 
c= sin A sin (A +B) 


A,a,b B,C,e sin B= 


sp! b, Cm 180°-(4 +B), 


@ 
cm in a sin Cc. 
Cia,b | K(A+B) | 4(44+B)—90°-4 6 
%(A—B) | tan 14 —B)=—> tan 14(4 +B) 


A,B | A=%(A+B)+4(A-B), 
B='4(A + B)—}4(A—B) 


c c= (a4 noes tat VJa?+b?—2a bcos C 


area area='4abd sin C. 


(a—b) (s—c) 


a,b,c A Let s=—4(a+b+c); sin 44 A= ve 


a(s—a). _ . (a—dye—6) 
cos 14 A= 9/498); tan 16 4 peat bP 2 


8(s—a) 


sin An 2¥88—2) ca) (se), 


area | area= /s(g—a) (@—b) @—0) = 


A,B,C,a area aa a? sin B. sinc 
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Nomograms for Stratigraphic Conversions 


. : 
® U. 8. GEOLOGICAL BURVEY PROFESSIONAL PAPER 120) PLATE XIV 
> 7 Dip 


Depth 
to bed 89° 


8 


800 
700 —B85° 
4 
1] 600 ers 
} Fay, 
mJ oy —80° 
500 Ss 
oe 
os ° 
=) -70 
400 Pe 
a 04 € 60° 
Tse 50° 
300 40° 


eo 
‘ | 


ALINEVENT DIAGKAE T FOR COMPUTING DEpri ! : 
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Nomograms for Stratigraphic Conversions 


U. S. GEOLOGICAL SURVEY PROFESSIONAL PAPER 120 PLATE KV 
Width of outcrop Thickness Dip 
1,000 - 1,000 89: 
- 900 ° = 

800 = eet 

900- 700 - 50° x 
600 = 

8v0 500 40° 


e 
700 30 


600 


20° 


500 +-~— 


10° 


300 


20 - 


4° 
3° 
10 - ; 
3 
200 8- = 
7 2° 
6 . 
14 
3 
L. g* ~ 
2 CS 
| \ 
100 4 
ALINEMENT DIAGHAM LL, FOR COMPUTING ‘TIMCKNESS 
Rel. 3-104 
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Nomograms for Stratigraphic Conversions 


e U. &. GEOLOGICAL SURVEY PROFESSIONAL PAPER 120) PLATE XVE 
Dip 
Projected 
dip 
ae 
Angle of 
proation 
° 
re e 
70° 
60° 
es” 50° 
40° 
80° a 
-“ 
ae a 
Be 30 
Cot 
70 aie 
° = se - ie 
60°: ht 20° 
ys 
50° soo 
yo 
40° gon 
30°. -~ 
PP 
a 
pa 20* 
- 
2S 10° 
10° 
5° 
5° 
1°. 
30’ 
. 
10 
° 
ALINEMENT DIAGRAM TH, FOR COMPUTING PROJECTED DIP. 
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Geologic ‘ime Scale for North America 
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Minerals and Their Characteristics 


’ 


Name 


Actinolite__._-_- 
ANDIG 25.0 2-,'- 


Alunite 


Amosite.-__----- 


Anglesite.__--._- 
Anorthite..-.--- 


Anthophyllite.__ 


Apatite. -...-.-- 


Aragonite. .._._- 


Argentite - 
Argyrodite.-_-- 


Arsenopyrite- - 


Atacamite..._-. 


Bauxite. _..-...- 


Bentonite. ___..- 


BLM MANUAL 


Almaniite...._- 
J eee ee 


Analcite...--.--- 
Andalusite_.___- 
Andradite_.._.-- 


Formula 
Ca(Mgke)s 
(SiOw)s. 
NaAlSi308_- 
Fe3Ala(SiOg)s - 
“PbTe i 5 8 
K2(AhOH)e- 
(SOs. 
on 
S103. 
Ne: AISigOp- 
2H20. 
AlaSiOg_ _----- 
CazFe2(SiO,)s-_ 
PbSOp- & 
CaAhSi20¢_.-- 
(MgFe)SiOg 
Cry(CaF) 
nar ge 
VD. ee er er 
3Ag3S-GeSy_ __ 
RGASS ns 
Cu2(OIL)3CI -_- 
2CuCO;-Cu 
(OW). 
Wartas oe as 
Al:03-317,0. _. 
(CaMe) 
O-S403 
(AIFe)203. 


Azurite. _..-.--- 


Percent metal 


No metal 
source. 
AlO3—19.5%_ - 


No metal 
source, 
610°. Pb. .:... 


K—9.4%_.__.- 
Al—19. 6%. 
No metal 
source. 
Al:03—23.2% 
Al,03—63.2%- 
No metal 
source. 
Ph—68.3%_ - - - 


Al,O3— 36.7%_- 


No inctal 
source. 
P103—42.3% -. 


CaO— 56%. .-- 


Ag—87.1%- --- 
Ag—73.5%_ --- 


—V4.3%...-- 
3 —46. 0%, 


Cu—59.5%-. -.- 
Cu—b5. 0%. ass 


Ba0—65.7%.. 


No metal 
source, 


Color 


Green__...---- 


White to blue. 


Red to black 


Tin white, 
yellow 
tinge. 
Pink-red_____. 


Gray to green. 
WW hile24.. 3 


White, red- 
freen. 

Green, red- 
black. 

Ycllow, 
green-pray. 

White, gray- 
red. 


Gray, brown- 
freen. 
Green-bluc.._- 


White.z.2...-: 


Fteel gray, 
red tinge. 
Steel gray... _. 


White, blue- 
red. 


White-red, 


Lustre 


Vitreous 


Vitreous - 


Metallic 


Vitreous 
pearly. 


Vitreous __ 
Vitreous _.__- 
Adamantine. - 
Adamantine, 


vitreous. 
Vitreous __...- 


Vitreous. ___- 
Vitreous. _...- 


Vitreous. 


Metallic _._.. 
Metallic____.- 
Metallic. _._.- 


Adamantine, 
vitreous. 
Vitreous, dull. 


Vitreous. _...- 


Rel. 
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Minerals and Their Characteristics 


Streak Hardness Specific Characteristies — occurrence 
gravity 
; Ree ee 5.0-6.0 4.0-38.2 } Usnally long erystals, colummar. or 
fibrous. 

White sossexs-: 6. 0-6. 6 2.6-2.7 | Occurs sometimes ino platy miasses- 
Otherwise like anorthite. See anor. 
thite. 

Whité..2.5=--% 6.5-7.5 4.1-4.3 | Variety of garnet. See garnet. 

Grayish black_-- 3.0 8.2] Associated with pyrite, galeaa, tetra- 
hedrite. 

While sasesttZ-= 3.8 2.7 | Associated with kaolin and pyrite, 

, See ees fo ee 2. 2-2.3 | Long fibered ashestos. 

White senses: 2.2 5.0-5.5 2.2-2.3 | Trapezohedral crystals in cavities in 
basic igneous rocks, 

SS eee A 7.5 3.2] Nearly square prisins; oecurs with 
gneiss, mica, schists. 

Whildsessest-: 6.5-7.5 3.1-4.3 | Variety of garnet. See garnet. 

Whittsses2.. 2. 8-3.0 6.1-6 4] Occurs in oxidation zones of lead veins. 

White se-s92t2.. 6.0-6. 5 2. 7-2.8 | Tabular crystals in igneous rocks, with 
fine longitudinal lines on the better 
of two perfect cleavages at 90° ty each 
other. 

Uncolored, 5.0 3.0-3.2 | Found in erystalline schists. 

grayish. 

Whites 222 t.: 4.5-5.0 3.2 | Usually granular or in 6-sided prisms. 

Whiteloe!.: 3.5 4.0 2.9 | Etfervesces like calcite. Powder be- 
comes lilac or purple when boiled in 
10X solution of cobalt nitrate. 

Shiny black----- 2.0-2.5 7.27.4] Cuts ate leud; with silver, cobalt and 
nickel. : 

Grayish black_-- 2:5 6.) | Occurs with sphalerite, siderite ani 
miareasite. A 

Gray, black_._- - 5. 5-6.0 6.9-6.3 | Widely spread; yields sparks and garjic 
odor when struck shinting blows 
with steel. 

Apple green__._- 3.03.5 3.8 | Always of secondary origin with copper 
ores. 

EBS (iam taernes A 3.5 4.0 3.8-3.9 | Oxidized mineral that effervesces vig- 
orously in iuriatic acid of any 
streayth and temperature. 

Whttezo > -. 3 2.5-3.5 4.3-4.6 ] Found commonly as gangue of lead- 
zine Ores. Platy or granular masse3 
or either diamond-shaped or rectan- 
euhar crystals. 

Like color_...__- 1.0 3.0 2.6 | Chicfore of aluminum; occurs massive. 
Yompletely soluble in salt of phos- 
phorous bead, 

Light gray------ 1.0 2.1 | The clay of montmorillonite. Swells 


greatly when placed in water. 


é 


a 
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Minerals and Their Characteristics 


Name Formula Percent metal Color Lustre 
Bergie 2-2: BesAl2(SiOs)s -| Be—5%-_ -.---.]| White, green- | Vitreous. ___- 
L Al,O;—19°%. blue. 
) Beryllonite_-_--- NaBePOy--..- Be—7.1%...--| White-yellow | Vitreous, 
= brilliant. 
a (IUK)2 No metal Black-Brown -_| Pearly, 
(MeFe)s source. vitreous. 
Aln(SiO,)s. 
oT B03 25/223. No metal Straw yellow, | Pearly_..____- 
source. white. 
Bismuth. __._.-- Bi so, esc) BE— 100%: - -- Silver White__| Metallic. ____- 
Bismuthinite_...| BisSs.......-_- Bi—81.2%._.-- Lead gray____- Metallic. _____ 
) Bismutite..__. .- (BiO)2-CO3}- No metal Green-white __| Vitreous, dull. 
ai . H:0. source, 
Uo Na2B,O;- B:03—36.6% ._| White__._..__- Vitreous, dull. 
10H20. Na,O0—16.2%. 
Se a CusFeS¢. ----- Cu—63.3%_...] Reddish__....| Metallic. _.__- 
Bournonite_.___- 3(PbCu2) Pb—24.7%....| Steel gray, Metallic. _.__- 
S.Sb2S3. Cu— 42.5%. iron black. 
Braunite._.....- 3Mn203- Mn—78.3%...-| Stecl gray, Submetallic.__ 
MnsiOs. brownish 
: black. 
Breithauptite.._| NiSb__...._-_- Ni—32.5%-.--- Copper red__..} Metallie_____. 
Sb—67.5%. 
Brochantite. ___- ae Cu—56.2%...-| Green..._..._- Vitreous. ___.. 
( 2. 
Brucite__......-. Mg0O-H;0-___.. Mg0O—69%....; White to Pearly, 
gray, blue, vitreous, 
green, 
Calamine__._...] H2(Zn20)- ZnO—67.5%_..| White, blue, Vitreous, dull. 
Sid, green, 
brown. 
Culaverite_...-.. AuTe?z. --..-.-]| Au—43.6%_.-.| Bronze ycl- Metallic. _._.. 
low, silver- 
yellow 
tinge. 
ol CG O37) a Ca0—56%...-| Many colors. .| Vitreous___-.- 
a Culomel.._.._.-- 14 Bd ioe Saiatand A ray—tig ue White, yellow.| Adamantine__ 
—15 10« 
Carmallite_____- K MegCls- K—14.1%.-.-- AV biter: 2 22 Shining: .--..- 
6H20. Cl—38.3%. 
Carnotite______- K20-2U203- Variable. ____- COW. ook, Vitreous, dull. 
V205-311;0 
variable. 
Cassiterite__.... BAO to Sn—78.8% __-- at black, | Adamantine__ 
red. 
) Celestite_..__._. SrSOin. tr Sr—47.7%_---- Light blue, Vitreous __...- 
white, red. 
Cerargyrite...._. AgCina 255. % Ag—75.3%-.-...] Pearly gray...]| Waxy, greasy. 
Cerussite.______. POCOs.4. 222. Pb—77.5%.---| White, gray...| Adamantine_-_ 
Cervantite......| 25h:0, Sb—79.4%__.-- Yellow red- Greasy, 
Sb203-Sh20s. dish white. pearly. 
Chalcanthite__..| CuSO,-51t0__| CuO—31.8%..| Blue_......--.] Vitreous. ...-- 


@ 


BLM MANUAL 


Rel. 3-104 
1/3/85 


Appendix II-B, 


page 4 


H- 3890-1 - HANDBOOK FOR MINERAL EXAMINERS 


Minerals and Their Characteristics 


Streak Hardness Specific Characteristics—oceurrence 
gravity 

Whilesneseogon2 7. 5-8.0 2.6-2.8 | Often imbedded in quartz; with mica, 
feldspar, Usually in 6-sided prisms 
with fat terminations in pergmatite, 
Qein varieties. 

White. - <.--2--2 5.8 2.8 | Found with beryl, feldspar, columbite. 

Wihites..4.23--2 2. 5-3. 0 2.7-3.1 | Cleaves easily into very thin, flexible 
and elastic plates. 

Like color.-2cet.<-ccasa-5-5 4.4] Of secondary origin resulting from 
oxidation, 

Silver white - --- 2.3 9.7} Native; with cobalt, nickel; brassy 
tarnish, 

Like color._----- 2.0 6. 4-6.5 | Occurs in forin of thin coating. 

Greenish gray- 4.0 6.9-7.7 |] Incrusting fibrous, or earthy and 
white. pulverulent. 

Wihite-— 222-22: 2.0-2.5 1.7 | Refer to introduction for characteristic 
taste. 

Blackish gray--- 3. 0-3. 5 4.9-5.4 | Associated with chalcoite. Usually 
massive. Quickly tarnishes Irides- 
cent blue. 

Like color._.---- 2. 5-3.0 5.7-5.9 | Occurs fine-grained massive; brittle. 

Like color...---- 6. 0-6. 5 4.8 | Occurs in porphyry; brittle. 

Reddish brown. -) 7.4 | Occurs bea other sulfides and silver 
minerals. 

Cireen... 2-220 322 3. 5-4.0 3.9 | Oxidized mineral. Dissolves quietly 
in nitric acid. 

White. _ 2722-222 2.5 2.4] Associated with serpentine; secondary 
mineral. 

Wiiile. 2 22222: 4.5-5.0 3.4-3.5 | Usually in crystal coatings; sometimes 
in cockscomb-like aggregates. Often 
with sinithsonite. 

Yellowish gray_- 2.5 9.0 | Similar to sylvanite, but never in 
crystals. 

Whitel> --../5% 3.0 2.7] Massive and 6-sided pointed or pris- 
mutic crystals. Eifervesces vigor- 
ously in muriatic acid of any strength 
Or tumperature. 

rae vellow, 1.0-2.0 6.5 | Associated with cinnabar. 

white. 

Whites. Se 2.5 1.6 | Strongly phosphorescent; taste—bitter. 

Yehow. 2.2450 S| epee Powder or earth in sandstone. Often 
concentrated around petrified wood. 

White, lizht 6. 0-7.0 6. 8-7.1 | Massive or squarish crystals. 

srown. 

White. ee ae 3.0-3.5 3. 9-4.0 | Same as barite. 

White to gray__- 1.0-1.5 5.6} Cuts like wax; exposure changes color 

a4 to violet brown. 

Whites 7622. 3. 0-3. 5 6.5-6.6 | Oxidized mineral. EfYervesces vigor- 
ously in warm concentrated or hoil- 
ine dilute muriatie acid, 

Wihiler.2-2ee.2- 4.0-5.0 4.1-5.3 | Usually associated with stilnite. 

WihiltGmeee es 2: 255 2.1-2.3 | Oxidized mineral. Tastes metallic and 
nauseating. 
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Natne Formula Percent metal | Color | Tustre 
Chalcedony. _._- SiOz ..._..-.--]| No metal Pale blue, Wintys..o5..6. 
— source. ray, white 
\ 1! to black. 
y) Mhalcocite” §.. Cys cle. Cu—79.8%..__| Black-gray....] Metallic. ...-- 
Chalcomenite._.| CuSeOs-210_| Cu—28.1%,.--.! Blue. _..2...-- Vitreous___.-- 
Fe —34.",. 
Chalcopyrite._.-] CuFeS2______- Cu—-31.6%,._._] Brassy yellow | Metallic. ...- 
heres... - SiO; ...-.-..--| No metal White-gray....}| Dull.......--- 
source, 
Chlioanthite____- NiAs: Ni -28.1%. ...| Tin white, Metullic...._.- 
variable. As—71.9%. steel grav. 
ey Chromite. __.__- Feo-Ch0s- ) Cr—416.25,....-] Black 2.22. 2. Vitreous... -- 
Chrysoberyl.. _-| BeO AO; __--| BeO-19.8°7 es Pa Oe Vitreous. ___-- 
Chrysocolla_ -_-- CudSiO2- cu anrt.. | Me Vitreous, dull- 
21720. 
Chrysolite _..__- 1 (MgFe)2SiOg -| No metal | Green. 2-22 Vitreous... ..- 
| source. 
Chrysotile... _. Bee Sea ae i White, Metallic ..._.- 
| greenish, 
Cinnabar... ---- Teh 6 fe fe Tle. 86-2 a. %. 22 Med et Adamantine, 
submetallic. 
Clausthalite ...' PhSe _____.-- Ph—72.4%% __..| Lead gray.....] Metallic ....-. 
Cohbaltite _..---- Cekssee 2 ce | Co—35,5%%,_..- ! ‘Tin white, Metallic. .....- 
stecl gray. 
Colemanite . ._.; CarxB«Ou- No metal White, Brilliant, 
5120. source. yellowish. vitreous. 
Columbite.-___-- (FeMn) Variable — Iron black__...] Submetallic.-- 
(CbTa)20. Ta20s5 3.3 to 
31.5°%;. 
Capper f. 20: Es oy shy Cu—100% -..-| Copper red. ..| Metallic.....-- 
Corunduin_____- AVA CELE Al—52.977, .---] All colors....-- Vitreous, 
adamantine., 
yl ie Phase Ph-$1,.27,.....] Lead gray.....| Metallic. ...... 
Ri—42.1%7 
Covellite.....-.- CIS ort Cu-— 66.55% ..-.} Blue__.--.-_--] Submetallic__- 
)) Crocidolite__---- NaFe(SiO3)2 | No metal Blue to green._| Silky, dull___- 
| FesiOs. souree, 
: RCPOCINER sg: Pirie jig PS Ny A He) 7 (ee Adamantine_- 
Cr—-16.1%.. 
Cryolile........: NasAlf¢___--- Al—13% . ... | Snow white__-| Greasy to 
F—54.4%. vitreous. 
Romreite@s- 2... | Cush ee se ite Re WY Red 2 Adamantine 
to dull. 
ary (or AlsS1Q0s_ 2-23... Al--33.3% _..-] White, to blue | Vitreous, 
yanite). or green, pearly. 
oe Descloizite_.---- 4RO.V205.1120.} Variablo— Red, brown, Greasy... =~. 
V30s. black. 
Diamond... ..___- Cee a Reo. C—100%,__..._] White, gray..__| Adamantine, 
greasy. 
Diaspore..------ AlOx-1120_...} Al,O3—85%-..-| Many colors. | Vitreous. ----- 
Diatomarecous SSL, & Pio 3 Cae 2 ae ar Yellow to Vitreous... -- 
earth. brown, 
Dolomite...._..-| CaMg(COs)2 -| CaO—30.4%...| White, gray, Vitreous, 
MgO—21.9%. pink, pearly. 
ycllow. 
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Minerals and Their Characteristics 


Streak Ifardness Specific Characteristics—occurrence 
gravity 
Whitesc22 225222 7.0 2.6-2.7 | Smoothly rounded fracture. Semi- 


precious gem varictles. 


Like color_._.__- 2. 5-3.0 §.5-5.8 | Ifighly polished surface where cut. 

Bluish white. __- 2. 5-3. 0 3.8 | With various selenides of silver, copper, 
and lead. 

irecnish black _- 3.5-4.0 4.1-4.3 | Softer than pyrite; with pyrite, galena, 
sphalerite. 

Whiterss:. .2.-- 7.0 2.6 | Impure, coarse-grained, opaque flint. 

Grayish black__. 5.8 6.5 | Granular or in crystals like pyrite. 


Often associated with erythrite, 
Sce erythrite. 


Dark brown. --_- 5.5 4.3-4.6 | Grains may look like black glass. 
‘ Often with serpentine. 

White. ..-.---- 8.5 3.7-3.8 | Usually in crystals or worn pebbles. 
Qem varieties. 

Wille eae, 2.0-4.0 2.0-2.2 | Adheres to dry tongue; important ore 
of copper. 

White or 6.5-7.0 3.3 | In granular masses, glassy grains or 

yellowish. crystals. Gem varieties. ~ 

White tees sae 1.7 2.2} Best asbestos. Masses of tough, 
usnally parallel, sleader fibers. 

Scarlets.) 2.0-2.5 8.0--8.2 ory euportad ore of mercury; tastes 
chalky. 

Lead gray__.-_- 2.8 8.0 | Resembles granular galena. 

Grayish black __. 55 6.0-6.3 | Granular or in’ crystals like» pyrite 
Often with erythrite. See erythrite 

Whiter lee: 4.0-4. 5. 2.4] Usually occurs as geodes; brittle. 

Dark red, black. 6.0 6.3 | Brittle; nearly pure niobate. 

Copper-red.._- 2.8 8.8 | Tarmishes easily; malleable. 

WV nit Gis et 9.0 3.94.1 | In 6-side:d crystals anid masses that 


may break in three directions at 
nearly W°. Gem varieties. 


isch... sues! 2.8 6.5 | In quartz veins; with pyrite, sphalerite. 
Blackere ne 1. 5-2.0 4.6] Platy or granalhir niassive. Turns 
purple whew moistened, 
Like color._..__- 4.0-5.0 3.2-3.3 | Fibrous masses; like asbestos, valuable, 
Orange yellow - - 25 6.0 | Found with quartz, galena, vanadinite. 
Whiter: =. 8. 25 j 3.0 | Appearance, hardness are distinctive. 
Regie ede 3. 5-4.0 5.9-6.2 | Oxtdized mineral. Often in ¢rystals— 
usally cubical. 
Me oat ae ot 4.0-7.0 3.6] Bladed crystals with flat cheavave sur- 


faces that are easily seratched longi- 
tudinally but not transversely. 
Orange__.-____-- 3.5 6.0 | Associated with vahadinite. 


Ash gray..._---- 10.0 3.5 |] Occurs in crystals (usally rounded 
octahedrons) in a basic igneous rock, 
wid in placers. Gem varicties. 

White... -...3:- 6. 5-7.0 3.4) Occurs in thin scales; very brittle. 

White to gray_.. 2.0 2.2 | Roughens glass. Uniformly very fine 
texture and light in weight. 

0 2.8-2.9 | Effervesees vivorously in any condition 
of muriatic acid except cold dilute. 
Like calcite, but common in warped 
rhombohcdrons. 


White: 2: ae 3. 5-4. 
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Minerals and Their Characteristics 


Name Formula 


Percent metal 
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Enargite._......| 3CurS-A2Ss__..- 


Epidote_.....__- Ca2(AIOH) 
(AlFe)s 
(SiOs)s. 
Epsom salt... -- MgS04-71120 - 
Erythrite.____-- Co3As208 
-85120. 
Ferberite__......] FeWO_...--- 
Fluorite._._.__.. Cabus2n xt 
Franklinite____.. on FeMn)O 
a eMn):03. 
eleth tect food och ys POSss cus. ai - 
Garnet__._-_-.-- ena eae. 
Garnlerite_____-- eit i Me) 
Genthite_______- oNnio Pais: 
38102. 6U,0. 
Gibbsite___...- AIl(OH)3_-.--- 
CS iy sia ea AUT wee eeee see 
Graphite____..-- C2) fee 
Greenockite__._- CaS 2 
Grossularite.._.- Ca3Al2(SiOs)s - 
Gypsum.-_....-- CaS04-211:0 
Halite_.........- NaC lest cs - sas 
Halloysite......- T14Al203-28i02 
-H20. 
Hausmannite.-..| Mmn;04_.._---- 
Hematite__...... 1 X71 0] oe 
Hessite_........-. Agsi¢:.--- 
Horneblende..-.-} Variable_.-..-- 
Huebnerite__._.- MnwW Oy._---- 
Hydrozincite__..| ZnCos 
-2Zn(OH)s. 
Hypersthene___.| (FeMg)SiO3_.. 
Iimenite__..._..- 1 i a Ae a 
Todyrite___....-. iN) eae Sess 
Iridium...-...-- Varlable__-..-_- 
Iridosimene-_-__-- IrOs 
(RhPtRu). 
Jamesonite-__-_-_- 2PbS-SbiS3__.. 


Cu—48.4%. ..- 


No nictal 
source. 


Meg—9.9%_.--- 
Co—29.5%. - -- 


NI—25% to 

1+ 
Ni—22.6%,..--- 
Al—34.69% .-.-- 
C—100% .....- 
Cd—77.7%...- 


No metal 
source. 


Ca0—32.6%..- 
Na—39.4%_ _ -- 


W—60. 7%. M3e 
Zn—§9,5%-_-.-- 


No metal 
source, 
Ti—C1.6%-.--- 


AMiog 10 


Alloy—1 


Pb—50.8%.- .-- 
Sb—29.5%...-- 


Whitesce 2 
Usually pink, 
pray. 
Brown, black, 
gray 
All pills 
Iron black____- 
Lead gray... -- 
Red, brown 
yellow. 


Green.____._--- 


White, green_- 
Golden__....-- 


Yellow__..---- 


White, green, 
ycllow. 


White, red_..- 


White, green, 
bluc, red. 
Black, brown. 


Brown, red, 


White, green, 
black. 


Prewn, 22... 


Yellow, green. 
Whi 


Vitreous, dull_ 


Vitreous _._-.- 
Festiy..- ..=... 
Metallic..._._- 


Vitreous. ..... 
Metallic...__-. 


Metallie...._.. 
Vitreous... -- 
Dull, greasy__- 
Dull, greasy__. 
Pearly? =. ==: 
Metallic___..-- 
Dull, subme- 
tallic. 


Adamantine_.- 


Vitreous... ... 


Vitreous. ._.. 
Vitreous. ..-- 
Pearly, waxy, 
ull. 
Metallic.....-. 
Metallic, dull, 
submetallic. 
Metallic.._..-- 


Vitreous... .-- 


Submetallic. -- 


Metallic, sub- 
metallic. 


we ene ee en ene e- 


Metallic_....-- 
Metallic.....-- 


Metallic. ....- 
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Minerals and Their Characteristics 


Streak Hardness 
Blok pisses 3.0 
White?" s-- <=: i.0-7.0 
Wille. oe 2.3 
Paler than color. 1. 5-2.5 

ae 2 ee eye ei ee 5. 0-5. § 
White 52 cc. 4.0 
Brown to black. 5.5-6.5 
Lead gray_._.--- 3.0 
While 522 ee". 6.5-7.5 
Greenish white - 2.0-4.0 
Greenish white. 2.0-4.0 
nat ieee ee 2.03.5 
Golden yellow _ . 2.8 
Dark gray, iron 1.0-2.0 
black. 
Yellow to red_-- 3. 0-3. 5 
White. 2222. 6.5-7.5 
White to gray__- 1.5-2.0 
White 227. 25 
ace Gielen ees =< 1.0-2.0 
Brown ...-2----- 5.3 
Red, brown_--_-- 5. 54.5 
Aincks= 22-22 c- 2. 5-3. 0 
Wihiteso2 23.8.2 5. 0-6. 0 
Yellowish 5.0-5.5 
brown. 
Whites 3) 2. 2>-* 2.0-2.5 
Cay ee 5. 0-6. 0 
Brow ners ees: 5. 0- 6.0 
“nay Sor meee Soke 
ira ye se 6.0-7.0 
Grayish black... 2.0-3.0 


BLM MANUAL 


Specific 
gravity 


4.4 
3. 2-3.5 


1.7 


Characteristi¢s—occurrence 


Color and streak both black; prismatic 
cleavage. 
Brittle; usually granular. 


Tastes bitter and saline; in mineral 
waters, 

Deposits of secondary origin; with co- 
balt ores. 

Found with other tungsten ores. 


Octahedral cleavage; brittle. 

Usually associated with zincite; some- 
times magnetic. 

Very brittle; cubic cleavage. 

Often in complete dodecahedral crys- 
tals, in schists or limestone. Gem 
varicties. 

Amorphous; source of nickel; with ser- 
pentine, chromite. 

Similar to garnierite. 


Occurs under same conditions as baux- 


ite. 

Malleable and sectile. Does not tar- 
nish. 

Soft; marks paper; feels greasy; often 
Impure, 

Usually occurs as coating on zine min- 
erals. 

Often imbedded in mica and schists; 
limestones, Variety of garnet. See 
Garnet. 

Earthy, fibrous, scaly, and crystals 
with perfect cleavage in one direction. 

Natural table salt. Perfect cubical 
cleavage. 

Often occurs in veins of ore as second- 
ary product. 

Associated with other manganese min- 
erals. 

Becomes magnetic upon heating under 
reducing conditions, 

sided chalcopyrite, pyrite, and sphaler- 
te 


Crystals have 6sided or diamona- 
shaped cross sections, Two perfect 
cleavages at angle of about 124°, 

Usually in bladed aggregates with 
rough, flat parting, in quartz, 

Usually associated with other zine ores, 


Occurs in foliated or platy masses. 


Magnetic; with pyrite, horneblende, 
feldspars, 

Usually in thin plates; rare. 

With platinum and allied metals. 

Rare metals alloy, 


Usually in parallel or divergent aggre- 
gates of narrow blades. Sometimes 
in hair- or needle-like crystals, 


Rel. 
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Minerals and Their Characteristics 


Name Formula 
Jefferisite.....__. Variable. _._-- 
Kainite._._..-- MySO4- KCl 

B20. 
Kaolinite._....-_| Pa AlSt2O¢. __- 
Kermesite__.__--| Sb2S20____---- 
Kieserite.-..---- MeSoq-1f,0--- 
Lepidolite.....--| KL! 
{AI(OTLF)2] 
A\(Si03)3. 
Leucite._...----- K Al(SiO3)3___- 
Limestones__..--] Chiefy 
CaCQy3. 


Limonite_._...-- 
Linnaelte..._--- 


Livingstonite___. 
Magnesite-_.._--- 


Magnetite___.__- 
Malachite 


Melaconite 


RicwNiess 0 -.... 


Mercury ..:.---- 
Metacinnabarite 


Millerite__._..- 

Mimetite... -.-- 
Molybdenite___- 
Molybdite. ____- 
Monazite.___--.- 


Mottraiite.__-_- 
Muscovite____.- 


Naumannite. _-- 


Nephelite.____.- 


asl 
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2 e203-31120_- 
Co3Sa_ Miws suas 


TigS-2Sh2S3___. 
AipCO 2.2 x. 


¥eO-Fe20)- ... 


CuCO3- 
Cu(OlD)s. 


Mn203-1f,0- _- 
Chiefly 


Cal Os. 
POS) 2-2 wk: 


(ZnFe)s, 
variable, 


(CelaDy) P?O¢- 
ThSiOg. 

Variable. __-_- 

THK Al3(SiO,)3 


(Age? b)Se_--- 
NaAlSiOy._._- 


Percent metal 


Variable... -- 


KCI-- 30.0%. - - 


Al:03—39.5°%-- 
Sb—75.3%).---- 


Mep—17.6%%.--- 
Small amount 
of Li. 

K20—21.5%._- 
Al2O3— 23.5%. 

Ca—40% - ----- 
Fe—59.9%__.-- 
Co—58.0% _ . .- 


H{g—22.0%, . --- 
Mg—28.9% - .-- 


Cu—57.5%. . -- 


Mn—62.5%..-- 


Fe—46.6%...-- 
7n-—46.5%. to 
56.97%. 


Cu—79.9%. . --- 


Iig—1l00% _--- 
VWe—86.2% - __- 


Ni--64.8% ..-- 
Pb—69.7%. - - - 
Mo—60%- - --- 
Mo—66.67%. .- 
ThOr9%.- --- 


Variable___.-- 
Variable___._- 


Ag—43.0%..-. 


No metal 
source. 


Color 


Yellowish 
brown, 


White to red_- 


White, yellow. 
Cherry...32 - 
White, yellow. 
Red, lilac, 
white. 


Variable... .-- 


Brown, 
yellow. 


Steel gray_-.-- 


Lead gray... -- 


White to 
black. 


Iron black_.._- 


Iron black, 
steel gray. 


Variable. ____- 


Yellow........ 


Yellow, 
brown, 
black. 

Bisvk as ..-2- 


White, yel- 
low, green, 
brown. 


Tin white ___- 


Grayish 
black, 


Follawes....2. 


Ycllow to 
brown, 


Lead gray. .--- 


Ycllow 


Yellow, 
brown. 


Black, yellow. 


Yellowish 
white. 


Iron black _._-- 


Lustre 


Pearly i242. 


Vitreous. __.-- 


Pearly........-. 
Adamantine, 
metallic. 
Vitreous. _...- 
Peativ.. 23. 


Vitreous, dull. 
Hulls ssueee- 
Submetallic. -- 
Metallic_._..-- 


Metallic. __...- 
Vitreous... -- 


Metallic, sub- 
metallic. 


Metallic, sub- 
metallic. 

Vitreous, 
earthy. 

Metallic. .....- 


Adamantine. _ 


Earthy, me- 
tallle. 
Vitreous... ..- 


Metallic_.....-. 
Metallic. __..-- 


Metallic._--_-- 
Resinous.._---- 
Metallic_.-..-- 


Adamantine, 
pearly, 
Resinous ----- 
Resinous------ 
Vitreous, 
pearly. 
Metallic_.....- 


White, yellow} Vitreous, 


greasy. 


3-104 
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Minerals and Their Characteristics 


Streak 


Same as color. -- 
Brownish red_-- 


White. - 


White. _..-.---- 
White::. 254. 2. 
Yellowish 
brown. 
Blackish gray. -- 


Red.22 2. 4. 
Whites Ei. 


White, gray----- 


Grayish, 
brown, black. 


Brownish__-_--- 


Yellow 22222 2. = 


BLM MANUAL 


Hardness 


Specific 
gravity 


Characteristics occurrence 


2.3] A mica with Mexible but not elastic 


to 
< 
oat 
—] 


Cleavage plates that pulls out greatly 
when heated, 
See Cyanite. 


Widespread; earthy odor; clay. 
Occurs with stibuite. 


Often with gypsum and carnallite. 
A mica with exible, elastic cleavage 
plates. Usually in pegmatites, 


Complete trapezohedral erystals in ig- 
neous rock, 

Eliminate this heading since limestone 
is.a rock, not a mineral, 

Massive, fibrous or porous; magnetic 
after fusing. 

Copper red tarnish; in gneiss with chal- 
copyrite. 

Resembles stibnite; fuses easily. 

Effervesces vigorously in hot, concen- 
trated muriatic acid. 

Strongly magnetic; many associations, 


Oxidized mineral. Effervesces vigor- 
ously in muriatic acid of any strength 
or temperature. 

Hardness and streak are distinctive. 

Granular calcite. See calcite. 

Deposited near carth’s surface. 
in tabular crystals in coxcomb-like 
groups. 

Closely allicd with galena; common 
zine ore. 


Forined from magmas; common in 
portland cement. 


Liquid; rarely found in metallic state. 

Found in upper portions of mercury 
deposits. 

Crusts with a radiating texture and 
hair- or needle-like crystals. 

Often in erystals with 6-sided cross see- 
tions, which may taper. 

Feels greasy. Makes light greenish 
yellow mark on glazed paper. 

Occurs with molyhdenite. 


Rounded grains; with gold, chromite, 
iron. 

A vanadate of lead and copper. 

Cleaves easily into very thin, elastic, 
flexible leaves. 

Malleable; in cubicerystals; selenide of 
silver and lead. 

Widely distributed in igneous rocks; 
usually massive. 


Often- 
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® 


Name Formula Percent metal Color Lustre 
Niccolite.......- INE AW te ceca ree fee Copper red_...| Metallic._____- 
s—55.9%. 

Nitre.......-... KNOs........| K—38.6%.-...] White...._.... Vitreous... 

N—13.9%. 
Olivine.......... (MgFe)sSi0x .| No metal Grad Ze. Vitreous... ._- 
source. 
Opal. ........-.- §10;-0H30-._..| No metal All colors...... Greasy, vitre- 
source, ous. 
Orpiment....... 1. ae As—61%-.--.-- gree yel- Resinous_--._- 
ow. 
Orthoclase. ....-. KAIS{i3O¢._...] AlsO2—18.4%..| Red, gray, Vitreous, 
yellow dull. 
white 
Pentlandite. .... (FeNi)S___...- Fe—42.0%...-- Yellow- Metallic. ___._. 
) Ni—22. bronze 
Petzite.......... (AuAg):Te_...| Au—25. a ee Gray to Metallic.....-- 
Ag—42%. a 
Phosphate rock. ge ie tok oa PrOs—31.1%... Aipay_. 2.22. Duly: cack 
Platinum.......] Pt......--..-- Pt—100%..--- Tin White, Metallic. ___... 
’ steel white. 
Polianite___....-. Mn0Oy_..._-.-- Mn—63.2%....| Steel gray, Metallic_...... 
fron gray. 
Polybasite-.-..- 9Ag:S-Sb2Sp- -- aa Iron black .-_.- Metallic. ._...- 
Powellite ......| Ca(Mo-W)0,.| Variable... __- Greenish yel- Resinous._.--- 
ow. 
Proustite........ 3Ag28-As2S3__.| Ag—65.5%...-| Scarlet_._..__- ap peg 
Psilomelane..... MnO;-H30-_]..-------------- Black........- Submetallic, 
P ite.....] SAg'S-SbeB»._.| Ag—60% ity. sed. FT Ataarenl 
rgyrite....- g:S- 3.--| Ag—60%..---- ack, red- amantine, 
oth Sbh—22.2%. dish. metallic, 
Parie....-5--.>- hi, bee ees Fe—46.7%....- Brass yellow..} Metallic.....-- 
Pyrolusite....... MnQs3........-. Mn—63.2%....| Black, dark Metallic, dull. 
pray. 
Pyromorphite ..| PbsCl(PO,)s_.-| Pb—70.4%....| Yellow.......- pel ada- 
mantine, 
Pyrope.........- MgsAlz(8104)3.} No metal__.._- ed. -. coeses.. Vitreous, 
source, resinous. 
prepay alie.... HAO “ad etter 3%..| White, brown] Pearly, dull_.- 
Pyroxene.. ..... Ca(A ne No meta Green__......- Vitreous, dull. 
MnFe) Seen! 
(S103)s. 
. Pyrrhotite__....] Fess to Fe—61.5% Brownish Metallic....... 
FeyeSi. variable. yellow. 
Grass. 5-5... BiGiees soce Si—46.9%- . . -- Colorless, all | Vitreous. __..- 
colors. 
Realgar........- TN hy a I As—70.1%.-.-- Orange. --.-.-- Resinous._..--. 
Rhodochrosite...| MnCo3_..._-_- MnO—61;7%..| Usually red_..| Vitreous, 
eo pearly. 
2 Rhodonite__..-- MoSiO3...___- Mn—42.0%. - - Bree nish red_| Vitreous, dull. 
Roscoelite....... Hak Me) Variable _-__-- Brown.......- Pearty..-...-: 
(SiOs)19. 
Rutile........... i CO) by pias ae Ti—00%.._...| Brown, red, Adamantine, 
black. submetallic. 
Scheelite........ CaWQ,...-.-- W—63.9%....- White yel- Vitreous, 
ou lowish. adamantine. 
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Streak 


Brownish 

black. 
Whites s.sce222 
White or 


yellowish. 
Wihite>. =. 3... 


OGray...4-.2.- 


Black, brown- 
ish black. 
Purplish red_.-. 


Greenish, 
brownish 


black. 
Black, bluish 
black. 
White, yellow- 
ish white. 


White to green.- 


Grayish black _- 


BLM MANUAL 


Hardness 


Specific 
gravity 
7.3-7.7 
2.1 
3.3 
1.9-2.3 
3.5 
2. 5-2. 6 


Minerals and Their Characteristics 


Characteristics—occurrence 


Often found with a green coating; 


brittle; compact. 
Tastes saline and cooling; salt petre. 


Same as Chrysolite. 
Very smooth, curving fracture. 


Usually associated with realgar; sel- 
doin valuable. 

Common, often pinkish igneous rock 
mineral with two smooth right 
angled cleavages. 

Associated with pyrrhotite, millerite, 
chalcopyrite, ete. 

A rare but valuable ore of gold and 
silver; often tarnishes. 

Oceurs in massive deposits. 

Sometimes magnetic; with gold and 
chromite. 

Looks like pyrolusite, but harder and 
dryer; rare, 

With chalcopyrite, calcite, pyrargyrite, 
stephanite, 

Often associated with scheelite. 


Usually associated with other silver 
ores. 

Either powdery (Wad) or has smooth, 
curving fracture. 

Often associated with argentite and 


‘ousite. 

Often in crystals that are cubical or 
show prominently a form with 5- 
shied faces. 

Soils fingers; hardness and streak are 
distinctive. 

Alteration product of lead minerals. 
Occurs like mimetite, 

Variety of garnet. See garnet. 


Feels greasy or soapy. 
Commonly in igneous rocks in square 
or 8-sided crystals. 


Only magnetic sulphide and therefore 
distinctive. 

Common in 6-sided prisms with 
ae terminations. Gem _ vari- 
eties. 

Usually associated with Orpiment; 
flexible 


Blackens on exposure. Effervesces 
vigorously in hot, concentrated 
muriatic acid. 

With calcite, Zincite, tetrahedrite. 

Vanadium mica in which vanadium 
replaced aluminum. 


Commonly in crystals with longitu- 
dinally grooved faces, or needle- or 
hair-like. 

Weight, hardness, and uneven fracture 
are distinctive. 


Rel. 
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Minerals and Their Characteristics 


Name Formula Fereent metal Color Lustre 

Senarmontite__.| Sb2O3_-.------ £b--83.6%----- sneer, Vitreous, dull_ 
grayish. 

Serpentine. .._-.- IisMgsSi2O9_--| Mg—43% - ...-| Green, black- | Wax-like, 
ish or yel- silky. 
low, white. 

Siderite._....-..] FeCOs__-.-.-- Fe—48.39%.....| Brown, gray__{ Vitreous, 

pearly, dull. 

Silverssccts. te AB RL Ag—100%.---- Silver white.._| Metallic...._.- 

Sinaltite.__....-]| CoAss...--..-- CO— 28.2% ....| Tin white, Metallic. _ _.-- 

’ As—71.8%. steel gray. 

Smithsonite- ---- ZnO-COs. __--| Zn—52°%-_----- Gres. gray, Vitreous, dull_ 
ylue. 

Soda nitre.....-- PP Eng es Oe EE White, red- Vitreous. ____- 
dish brown; 
colorless. 

Sperrylite._...-- PtAse. 2-2 Pt—56.6%..--- Tin white. ____ Metallic, 

As—43.4%. brilliant. 

Spessartite._..-- MnonAls No metal Purplish, red_.| Vitreous __---- 

(S104)s source. 

Sphalerite.._..-- DnG Sy cassette Zn—67.1%.---| Brown, yel- Submetallic, 
low, red- resinous, 
dish, black.. 

Spinel........--- MgOAlOs_..-| AlxO3:—71.8%-_-.] Black, gray, Vitreous, dull_ 

MgO—238.2%. brown, red, 
Spodumene. ---.- LIAI(SIOs)s.-- AlOr—27, “na White, gray- Vitreous, dull. 
Li,O—8.45% ish. 
Stannite___.....| CurS-FeS- Sn—27.5%...--| Steel gray, Metallic. __..- 
Sno, Cu—29.5%. iron black. 

Stephanite..-__-- 5Ag2S-Sb2S3_-.] Ag—68.57% ..--| Iron black__..}] Metallic. __..- 

Stibnite._.._...- gS ee os aes = Sb—71.8%, _.--| Lead gray.._-- Metallic. __..-. 

Strontianite. ...- SrCO3_ _ ..-...]| Er—59.3%-.---- Yellow to Vitreous, 
brown, greasy. 
green, 

, Sulfies sak asl ae ae S—100%...----] Yellow._.....- Greasy, ada- 
mantine, 

Sytvanite.. ___.-. (AuAg)Tes.._-| Au—24.5%_.-.| White to steel | Metallic. __--- 

Ag—13.4% pray 
. eI ite. eeeee. Lt ty eee eee K—52.4%-.--- WwW hite, yel- Vitreous. _-..-. 
: lowish red. 
Tale___.---..---| IfsMgs(SiO3)s_| Mg—19.2%-..--| Green to Pearly 22-52: - 
Si—29.6%. white. 
Tantalite...__._- FeTa20¢ __--- Variable. ___-- Iron black. __.| Submetallic, 
Ta2.0s—65.6% greasy, dull. 
Tennantite _...]| Cu-As2S7 Cu—57.5% Steel gray, Metallic. _---. 
/ variable variable fron black. 
» Menarite. <b. $n. 2 aeclkceut Cu—79.9%-..-} Black _....--.- Metallic. __--- 
a Tephroite.._.__- Mn;Si04_.___- No metal Red, ash gray_| Vitreous _-.--- 
source. 
Tetradymite._.-| Bi(TeS)_.-_-- Variable _....] Palesteel gray.| Metallic. -_.-- 
Tetrahedrite__..} 4CwS-SbiS3__- ll .---| Gray to black_| Metallic. __.--. 
Sb—24.8%. 

Titanite........- CaTISIOs._.. Ti0;—40.8% | Brown, gray, | Adamantine.. 
yellow, 

® green, 
BLM MANUAL 
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Minerals and Their Characteristics 


Streak 


White. ..-..-.-- 
White 222. ---- 


White to yellow 


Silver-white. - -- 
Grayish black .. 
White, grayish -- 


Light brown, 
yellow. 


White to gray--. 
Wittereez: 2.2 


Blackish...-.-.- 
Trou black_._._-- 
Lead gray, 


black. 
White to gray - - 


Pale yellow. ---- 


Same as color... 


White _...-.-.. 
Reddish brown. 


Black, reddish 
brown 


BLM MANUAL 


Hardness 


& 


4.0 


6.5 
6.5-7.5 
3. 5-4.0 


8.0 
0. 5-7.0 


4.0 


2. 0-2. 5 
2.0 


3. 5-4.0 


ea 
1.5-2.0 
2.0 
1.0-1.5 
6.3 
3. 0-4. 5 
3.0 
6.5-7.0 
1.8 
3.0-4.5 
5.0-5.5 


Specific 
gravily 


2.0 
.9-8.3 


Characteristics —occurrence 


Formed by ovidation of stibnite. 


Feels smooth and sometimes slightly 
ereasy. 


Magnetic after heating. Etleryesces 
vigorously in hot, concentrated 
muriatic acid, 

Malleable and sectile. Tarnishes 
quickly. 

Garanular or in’ crystals like pyrite, 
Often with erythite, See erythite, 
bifervesces vigorously in any strength 
or temperature or muriutic acid ex- 

cept cold dilute. 

Taste-cooling; incrustations in beds; 
Massive. 


Found with gobl-quartz, covellite, 
limsonite. 
A form of garnet, 


Cleaves stnoothly in siv directions a 
angles of hr, 9OS, and 120°; 


Massive or in’ octahedral erystals, 
Giem Varicties. 

Occurs usually in platy masses or 
chunky crystals, sometimes huge, 
Gem varicties, 

Has appearance of bronze. 


Associated with other silver ores. 

Cleavage surfaces marked transversely 
with parallel lines. 

Effervesces vigorously in dilute cold, 
hut not in concentrated cold, muri- 
atic acid, Efvervescing fragment 
colors alcohol Mame read. 

Burns with a characteristic odor. 


Occurs often in small, bladed or pris 
matic crystals. 


1.98] Taste— saline; soluble; bitter, 


2.7-2.8 
5.3-7.3 
4.4-4.5 
5.8-6.3 
4.0-4.1 

7.4 
4. 4-5, 1 
3. 4-3.6 


Common; feels greasy; extensive beds. 


Tron and manganese content variable; 
with columbite, 

Occurs granular massive or in tetra- 
hedral crystals. 

Sublimation product in volcanic 
regions. 

Rarely in small crystals; like chrysolite, 


Soils paper; found in gold-quartz and 
igneous rocks, 

Like tennanite but has a darker 
streak—-not reddish. 

Occurs in platy massive or in wedge- 
shaped crystals. 
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Minerals and Their Characteristics 


Name Formula Percent metal Color Lustre 
Topaz.._... «----| (AIF)2SiOy_..-]| No metal Many:< 2. ...- Vitreous __.... 
source. 
Tourmaline... __ Bers oes No metal Black, brown, | Vitreous to 
es FeCa)s source. and many resinous. 
rFe)s others. 
Tremolite.._...- obslOd, No metal Ww on to dark | Silky.__.._.._- 
source. 
Triphyliite ._..- LiFePO,.....-. Li—4.4%.....- Gea gray,| Vitreous, 
bluish gray. resinous. 
Ulimannite___..| NISbS_......- Ni—27.6%.--.- Steel gray to | Metallic. ____- 
Sb—57. 70° white. 
Uraninite....._- WO UO; Radium Gray, green, Submetallic 
ariable. suurce. brown. to greasy. 
Uvarovite._.____ CasCra(S10)s- No metal Greeni <2 <5 Vitreous_-.___. 
source. 
Valentinite....__ SisOs.- =>: Sb—83.5% ....]| White____.... nas 
pearly. 
Vanadinite...... (PbCl) Phe Variable. ._._- Red, brown, Resinous. _ ___- 
VOds. yellow. 
Vermiculite_....| 3MgO. Variable_-____- Graylsb______- Tale-like_____- 
(FeAl):03 
3Si02. 
Wiilemite_____-_- Zn2SiO«g- ------ Zn—58.5%._-.}| Green, yel- Vitreous, dull. 
low, brown. 
Witherite....._. BaCOs.__._.-.- BaO—77.7%..-| Yellow, Vitreous, 
brown. pearly. 
Wolframite.....- (FeMn)W0O¢__| W—51.3%-.---- ros brown, | Submetallic___ 
black. 
Wulfenite-_..... PbMoO?_____. Pb—56.4% ....] Yellow, Resinous, 
Mo—2.2%. grayish. adamantine. 
Zaratite......._. NiCOs. Ni—46.8%...-- Green =~ ..- 5. Vitreous_._._- 
oe 
Zincite.......... W032 Zu—80.3%..--| Red, yellow-.-_- sperm 
antine, 
2 wrBiOe. = ZrO—67.2%...| Yellow, gray..| Adamantine.. 
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Minerals and Their Characteristics 


Streak Hardness Specific Characteristics—occurrence 
gravity 
ee Soper oe 8.0 3.4-3.6 | Often in seheaer poue crystals with 
diamond-shaped cross sections and a 
perfect transverse cleavage. Gem 
varicties. 

White. <<2:e<2e 7.0-7.5 3.0-3.2 | Usually in prisinatic crystals with 

; spherical triangular cross sections. 
Gem yuaricties. 

Wilts, 22,4242 5.0-6.0 2.9-3.4 | Perfect cleavages in two directions at 
un angle of about 124°. 

White to gray- 4.8 3.5 | A phosphate or iron, manganese and 

ish white, lithium, 

Grayish_..._---- 5.3 6.4 | With galena and chalcopyrite. 

Black, gray, 5.5 9.0-9.7 | Of primary and secondary origin; no 

. green. definite formula. 

White......<2222 6. 5-7. 5 3.5] A form of garnet. 

White. 2222222 2.5-3.0 5.6 | An oxidized mineral. 

White or yellqw. 2. 7-3.0 6.6-7.1 | Like mimetite, but crystals usually 
very sharp and do not taper. 

Uncolored __-.-- 1.5 2.7 | Becomes worn-like threads upon heat- 
ing—exfoliates. 

White or 5.5 3.9 4.2 | Massive to granular; valuable zinc ore. 

grayish. 

Wihitesos. 22... 3.4 4.4} Reacts like strontianite in muriatic 
acid, but effervescing fragment colors 
aleohol Mame light vellowish green, 

Keddish- 5. 0-5. 5 7.2-7.5 | Ditlers from huckuerite in streak. 

brown. 

Us NV) Came ene coal 3.0 6.8 | In square crystals, usually tabular 
with beveled edges, 

Light green__.-- 3 2.6 | Emerald nickel; amorphous. 

Orange yellow. - 4.0-4.5 5. 4-5.7 | Associated with other zine ores. 

Colorless.......- $00 4.2-4.7 | In sharp crystals with square cros3 
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sections and as pebbles. Gem varie- 


tics, 
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Appendix II-C 


Common Hypogene, Supergene, and Oxidized Ore Minerals 


Metals Minerals generally Minerale generally originating in 
hypogene supergene oxidized zones 
Copper.......+Chalcopyrite Chaicocite Native copper 
Bornite Sooty chalococite* Malachite* 
Enargite* Covellite Brochantite* 
Tetrahedrite* Antlerite* 
Tennantite*® Atacamite* 
Azurite* 
Chrysocolla* 
Cuprite* 
Tenorite* 
Silver.......-letrahedrite* Native silver Cerargyrite* 
Tennantite* Argentite Embolite* 
Pyrargyrite Bromyrite* 
Proustite 
Stephanite 
Polybasite 
Pearcite 


Gold..csccees Native gold 
Gold tellurides* 


Zinc. .ccceee--Sphalerite 
Willemite* 


Lead. ..+cece. Galena® 


Iron. .ccocceecePyrite® 
Marcasite 


Pyrrhotite* 
Areenopyrite® 
Magnetite* 
Hematite 
Specularite* 
Siderite 


Manganese.....Rhodochrosite* 
Rhodonite* 
Manganite(?) 
Alabandite* 


Nickel.......Millerite 
Pentlandite* 
Niccolite* 


* Always hypogene supergene, or oxidized 


which they are placed. 


Native gold 


Wurzite 


Marcasite 


Bravoite(?) 


Native gold(?) 


Smithsonite* 
Hemimorphite* 
Hydrozincite 


Cerussite* 
Anglesite* 
Pyromorphite* 
Leadhillite 


Goethite* 
Iron 
sulphates* 
Hematite 


we 


Psilomelane 
Pyrolusite 
Braunite 


Garnierite* 


according to the column in 


Rel. 
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Heavy Minerals That May be Found in Placer Gravels 


BLM MANUAL 


Mineral Chenidbeal formula Color Specific Hardness Remarks 
gravity 
oy ace secsanne Au(+ BSN a occ acssicee Gold-vellow...........] 15.6-10.3 2.5 | Very malleable and ductile. 
Magnetite........... BN coe cncadamana 5.2 5. 4.3 |} Shiny grains; strongly mugnetic. 
Hmenite............- (Me,FejTi0s.... 22. eneet ° 4. 5-5 5-6 | Only faintly magnetic; moves compuss 
needle slightly. 
CHUIMGE. «cope accesso RR’ 3(SiVs)5° ...--. 3.8 6.£-7.5 | Vitreous luster; usually im ruvunded 
S erystals (lodecahedron). 
by ee ee FAG) | 3 eee rs Soop Brown, pale yelluw, 47 7.5 | Adumantine luster, 
or coloricss, 
Mematite.. 2.22.22... PGs oo coke cen k os Dark steci-eray to 4.9-5.3 §.5-6.5 | Particles usually smooth, rounded, 
iron-black. often red-coutest, 
Chromite... ......... aC eee ee Pee — to brown- 4.14.9 5.5 paces avy magnetic; brown 
hack. stre 
UVIGR: co eosin ceoeas (Mg, Feyssi9:. 2.222... Olive-green...........- 3. 3-3. 4 6.5-7 | Good clenvage: vitreous luster; clear 
to translucent. 
-_? BeGudolt 3. cccweke on aE set: Al, Foy Vistachio-green_....-.. 3.2-3.5 6-7 | Distinct cleavage. 
81:01. 
2 er @S:............-.-.--] Pale brass-ycllow_..... 4.9-3.1 66.5 — cubic grains; brittle; metallic 
uster. 
5 Monazite...........-. (Ce, La, DiI) PO.w SOHO oo caconces-ecns 4.9-5.3 5-5.5 | Resinous or greasy luster; usually in 
ThOs rounded grains, 
Limonite...........- 2Fe,0. 31:0 eee ote Dark brown..........- 3.64.0 §-5.5 | Yellow-brown streak. 
Marthe. oes coc caske MAGS. Scores r<cubeccos Red-brown to red_.... 4.2 v4.5 a cleavage; metallic-adamantine 
uster. 
Platinum............ 4 prog alsa Fe, Whitish steel... . 22. 16. $-18 ! 4-4.5 | Malleable; sometimes scales and grains. 
r,s), 
Iridfum.....22 222.22. ! Er (also Pt, ete.y....2.. gp be a yellow 272.6-22.8 | 6-7 | Generally in angular graii.s; no cleav- 
tarnish. age. 
friddusmine..... 2... AE Oe 6. a eee - en eal Tin-white to light 19. 3-21.1 6-7 | Usually flat grains; slightly malleable 
stecl-gray. to brittle; guod cleavage. 
Wolframite.........- | (Fe, Mn) WOy.......-- Btock, dark gruy...... ; SS 5-5.5 iphone luster; guud aearege in 
one plaue 
Cinuabar........ “224 QT ees Satens eae f to eae ee arama fe es) 8-§.2 2-2.5 |} Scarlet streak. : 
Sheellte.............. el WE: cocoons cc eas White, pale yellow, 5.9-6.1 4. 8-5 Adamantine, greasy luster; translu- 
brown, or ey: cent. 
Cassiterite........ Raed CMOS von cnwacaeccnncan Brown or black ....... 6.8-7.1 6-7 Brittla; rounded grains. 
ga red, yellow, 3.94.1 9 Adamantine to vitreous luster. 
wo. 
White, colorless, pale.. 3.5 10 Adamantine or greasy luster. 
Tin-white............. + Ty See ea Small opnque fluid; silvery globules. 
Silver-white........... BR-14 9 be scconesecac Brittle ot malleable; rubs silvery coat 
on co 
Bilver-white........... 10, 1-11. 1 2.8-3 Mallca ng one ductile; tarnishes black. 
Copper-red....... ers 8.8-8.9 2.5-3 Ductile; malleable. 
muth............ Silver-white........... 0.8 2.8 | Sectile; brittle; metallic luster. 
Columbiie-tantalite. tre. iMajiive, Ta)s00.- Iron-black to gray or §.3-7.3 6 Brilliant to submetallic juster; often 
brown-black. irridescent; brittle; good cleavage. 
oh ee PES oc Sie eo, aa Colorless.............- 2.6 7 No cleavage; vitreous to grcasy luster. 
eldspars............ Silicntes of K, Na, Ca, spon na im pa 2. $-2.7 6-4.8 | Good cleavage; vitreous luster. 
ete. yellow, or pink. 
Qalens.............. Pee es Lead-gray.........-.-- 7.4-7.6]  2.8-2.7] Metallic uster; lead-gray streak; 
: 2 perfect cubic clearage; friable. 
Cerussite............] PhO0Os.............-.. Colorless or white..... 6.8 2-3.5 | Adamantine luster. 
°R’=Ca, Mg, Mn, or Fe; R’’ = Fe, Al, or Cr. 
4 
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Conversion Factors for Surface Area, 


Volumes, Mass, and Flow Rates 


statute mile 5-5 
(mi) 1760 yd 16.5 ft 
1.6094 cm 
furlongs 1 chain = 22 yd 
80 chains 66 ft 
320 rods h rods 
100 links 
1 yard (yd) = 3 ft 
36 in 1 link = 7.92 in 
0.91 a 0.2012 m 
20.12 cm 
foot (ft) 1 span =» 9 in 
1 hana es * ja 
inch (in) 1 vara (Mexico) = 32.99 in 
83.79 em 
(Texas ) = 33.33 in 
kilometer (km)= = 64.66 cm 


(Arizona- = 33.00 in 


meter (m) New Mexico) 83.22 cm 


furlong 


township (twp)= hectare (ha) 2.471 ac 


section (sec) = 1 square chain = 16 sq,rods 
ac 48h ya, 
259 ha, 4356 ft 
2.59 im hoh.67 0m 
6400 sq chains 
2 1 lode claim = 600 x 1500 ft 
1 acre (ac) =43560 ft, 20.661 ac 
4840 ya 8.36 ha 


3305.78 sq rods 
206.61 sq chains 


208.7 ft square 
0.4047 
Lob7 


10 sq chains |1 placer claim = 20 ac/loca- 
2 tor 
1 square yard «= 9 ft 3200 sq rods 
(ya™) 0.8361 m 200 sq chains 
1 square foot = 1bh in” 1 mill site e, <§ ac 
(tt~) 2.02 ha 


. 
i od ~ w ~ 
® ® a 
i=) 
an °o 
5S w oO LY) BE \o 
or \o Ho WNO °o = 
° by ; : ‘sail 3 
Ww font rue we 
A ie) -o co 
wi w = 
w oa 
B - “<8 Q BO 
~ =] Re 5 a 3 Bo 8 
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Conversion Factors for Surface Area, 


Volumes, Mass, and Flow Rates 


Commercial or Avoirdupois (avdp) 


j 1 short ton (st) = 2000 1b 1 ounce (oz) Siceb eso nk 
' 437.5 grains 
: 1 long ton (1t) = 2240 lb 
4 1.016 mt 1 kilogram (kg) = 2.205 1b 
Tecoeret 35.274 oz 
4 1 metric ton (mt) = 2204.6 1b 1 gram (g) s 0.035 oz 
H 3 15.432 grains 
1 shipping ton = ho ft 
4 3 1 part per = 0.032 oz.st 
. 1 register ton = 100 ft million (ppm) 1 g/mt 
| 1 pound (1b) avdp = 16 oz 1 oz/st = 31.25 mg/kg 
i O.454 kg 
i 453.6 6 1 g/st = 1.102 mg/kg 
14. 58 troy oz 
7000 grains 1 milligram (mg) = 0.00003527 


oz 


Weight (for precious metals 


1 troy 1b = 12 troy oz 1 troy oz/st = 34.286 ppm 
5760 grains 34.286 g/mt 
0.823 1b avdp 
240 dwt 1 ppa = 0.029 troy oz 
mt 
1 troy oz = 31.104 g 1 g/mt 
480 grains 
20 dwt 1 carat (weight) = 3.086 grains 
1 pennyweight = 1.555 6 1 assay ton se 29.167 ¢g 
(awt) 2k greins 1 part in 
: 250,000 


1 in~ of fine = 10.168 troy oz 
placer gold 316.269 ¢ 
4880.64 grains 
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Conversion Factors for Surface Area, 


iy Volumes, Mass, and Flow Rates 


yard (ya?) ers | tt 1 acre-foot = 43560 ft 


(ac-ft) 1232.75 m 


1U. 8S. gallon = 128 flsoz 
(gal) 231 in 


foot (ft?) = 1728 


1 fluid ounce 
3 (fl-oz) 29.57 cm 
) 
“ 


” 
~ 
an 
w 
@ 
= 


cubic inch (in 
cubic inch (in 


a 


1 barrel oil = bo ga} 


3) 


~ 


cubic meter (m 


1 cubje centimeter = 0.610 in 1 bushel (bush) = 35238.93 exe 
) 


(em 


(1) 


1 miners inch = 710.393 cn?/s 


~ 


cubje foot/second = 7.48 gali/s 


(ft/s) 448.83 gpm (AZ ,CA,MT OR) 11.25 gpm 
1699.3 1/min 0.025 cfs 
0.992 ac-in/ 0.710 1/s 

0.05 ac-ft/day 

1.983 ac-ft/ 0.023 ac-in/hr 
= 3 
(co) & 738.177 cm 
1 gallon/minute “ 0.002 cfs 11.69 ¢pm 
(gpm) 0.063 1/3 0.026 cfs 
63.146 cm/s 0.738 1/s 


0.058 ac-ft/day 
0.026 ac-in/hr 
cubjc ee 35.311 cfs 
(cm/s 


1 
264.124 gpm (ID,KS,NB,NV, = 568.314 cm/s 
NM,ND,SD, UT) 9.00 gpm 
1 liter/second (1/s)= 0.020 cfs 


0.568 1/s 
0.0b0 ac-ft/day 


0.020 ac-in/hr 


Miscellaneous Units 


1 barrel liquid (bbl) = 31.5 gallons 1 British hundred = 112 lbs 
weight (cwt) 50.8 kg 
1 hogshead s 2 bbls 
1° Celcius = 1,8° Fahrenheit 
1 pipe or butt = 2 hogs- o 
heads 1 gallon of water = 8.33 lv @ 62 F 
1 tierce 2 k2 gallons 1 rt? of vater = 62.5 lbs @ 62°F 
7 
A tun a7 42 pipes 1 st of water = 2k0 gallons 
3 puncheons 908.49 1 
252 gallons 
1 flask of mercury = 76 1b avdp 
1 puncheon = 2 tierces 
Bu gallons 
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Assay Conversions 


2 


Parts per Million to Percent and Troy Ounces per Ton 


Parts per million to percent to Ounces per ton to percent to parts 
ounces per ton per million 
Ppa Percent Oz per ton Oz per ton Percent Ppw 
0.02 0.000002 0.0006 0.02 0.00007 0.7 
0.05 0.000005 0.0015 0.05 0.00017 1.7 
0.10 0.00001 0.003 0.10 0.00034 3.4 
; 0.20 0.00002 0.006 0.20 0.00069 6.9 
‘ 0.30 0.00003 0.009 0.30 0.00103 10.3 
0.40 0.00004 0.012 0.40 0.0137 13.7 
0.50 0.00005 0.015 0.50 0.00171 17.1 
0.60 0.00006 0.017 0.60 0.00206 20.6 
0.70 0.00007 0.020 0.70 0.00240 24.4 
0.80 0.00008 0.023 0.80 0.00274 27.4 
0.90 0.00009 0.026 0.90 0.00309 30.9 
1.0 0.0001 0.029 1.0 0.00343 34.3 
10.0 0.001 0.292 10.0 0.03429 342.9 
20.0 0.002 0.583 20.0 0.06857 685.7 
50.0 0.005 1.458 50.0 0.17143 1,714.0 
100.0 0.01 2.917 100.0 0.34286 3,429.0 
500.0 0.05 14.583 500.0 1.71 17,143.0 
1,000.0 0.10 29.167 1,000.0 3.43 34, 286.0 
10,000.0 1.00 291.667 10,000.0 34.29 342,857.0 
Parts per Billion, by Weight, to Troy Ounces per short ton. 
ppb oz/ton ppb oz/ton 
7 0.00015 600 0.0175 
10 0.00029 700 0.0204 
v 20 0.00058 800 0.0233 
30 0.00088 900 0.0262 
40 0.00117 1,000 0.029 
50 0.00146 2,000 0.058 
60 0.00175 3,000 0.087 
70 0.00204 4,000 0.116 
80 0.00233 5,000 0.146 
90 0.00262 6,000 0.175 
100 0.0029 7,000 0.204 
200 0.0058 8,000 0.233 
300 0.0088 9,000 0.262 
400 0.0116 10,000 0.292 
500 0.0146 
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Grams per Metric ton (tonne) to Troy Ounces per Short Ton 


OZ. 
tonne ton tonne ton tonne ton tonne ton 


0.1 0.003 4.7 0.137 9.3 0.272 13.9 0.406 18.5 0.540 
0.2 0.006 4.8 0.140 9.4 0.274 14.0 0.409 18.6 0.543 
0.3 0.009 4.9 0.143 9.5 0.277. 14.1 0.412 18.7 0.546 
0.4 0.012 5.0 0.146 9.6 0.28 14.2 0.415 18.8 0.549 
0.5 0.015 5.1 0.149 9.7 0.283 14.3 0.418 18.9 0.552 
0.6 6.017 Le 0.152 9.8 0.286 14.4 0.42 19.0 0.555 
0.7 0.02 353 0.155 9.9 0.289 14.5 0.423 19.1 0.558 
0.8 0.023 5.4 0.158 10.0 0.292 14.6 0.426 19.2 0.561 
0.9 0.026 5.5 0.161 10.1 0.295 14.7 0.429 19.3 0.564 
1.0 0.029 5.6 0.164 10.2 0.298 14.8 0.432 19.4 0.566 
1.1 0.032 5.7 0.166 10.3 0.301 14.9 0.435 19.5 0.569 
1.2 6.035 5.8 0.169 10.4 0.304 15.0 0.438 19.6 0.572 
1.3 0,038 5.9 0.172 10.5 0.307. 15.1 0.441 19.7 0.575 
1.4 0.041 6.0 0.175 10.6 0.310 15.2 0.444 19.8 0.578 
1.5 0.044 6.1 0.178 10.7 0.312 15.3 0.447 19.9 0.581 
1.6 0.047 6.2 0.181 10.8 0.315 15.4 0.45 20.0 0.584 
1.7. 0.05 6.3 0.184 10.9 0.318 15.5 0.453 22.0 0.642 
1.8 0.053 6.4 0.187 11.0 0.321 15.6 0.456 23.0 0.672 
1.9 0.055 6.5 0.190 ll.1 0.324 15.7 0.458 24.0 0.701 
2.0 0.058 6.6 0.193 11.2 0.327 15.8° 0.461 25.0 0.73 
2.1 0.061 6.7 0.196 1.3 0.33 15.9 0.464 26.0 0.759 
2.2 0.064 6.8 0.199 11.4 0.333 16.0 0.467 27.0 0.788 
2.3 0.067 6.9 0.201 11.5 0.336 16.1 0.47 28.0 0.818 
2.4 0.07 7.0 0.204 11.6 0.339 16.2 0.473 29.0 0.847 
2.5 0.073 7.1 0.207 11.7 0.342 16.3 0.476 30.0 0.876 
2.6 0.076 7.2 0.210 11.8 0.345 16.4 0.479 31.0 0.905 
2.7. 0.079 7.3 0.213 11.9 0.347 16.5 0.482 32.0 0.934 
2.8 0.082 7.4 0.216 12.0 0.350 16.6 0.485 33.0 0.964 
2.9 0.085 7.5 0.219 12.1 0.353 16.7 0.488 34.0 0.993 
3.0 0.088 7.6 0.222 12.2 0.356 16.8 0.491 35.0 1.022 
I 
3.1 0.091 7.7 0.225 12.3 0.359 16.9 0.493 36.0 1.051 
3.2 0.093 7.8 0.228 12.4 0.362 17.0 0.496 37.0 1.08 
3.3 0.096 7.9 0.231 12.5 0.365 17.1 0.499 38.0 ili 
3.4 0.099 8.0 0.234 12.6 0.368 17.2 0.502 39.0 1.139 
3.5 0.102 8.1 0.237 12.7 0.371 17.3 0.505 40.0 1.168 
3.6 0.105 8.2 0.239 12.8 0.374 17.4 0.508 45.0 1.314 
3.7 0.108 8.3 0.242 12.9 0.377 17.5 O.511 50.0 1.46 
3.8 O.111 8.4 0.245 13.0 0.38 17.6 0.514 55.0 1.606 
3.9 0.114 8.5 0.248 13.1 0.383 17.7 420.517 460.0 1.752 
4.0 0.117 8.6 0.251 13.2 0.385 17.8 0.52 65.0 1.898 
4.1 0.12 8.7 0.254 13.3 0.388 17.9 =O.523 70.0 2.044 
4.2 0.123 8.8 0.257 13.4 0.391 18.0 0.526 75.0 2.19 
4.3 0.126 8.9 0.26 13.5 0.394 18.1 0.529 100.0 2.92 EI 
4.4 0.128 9.0 0.263 13.6 0.397 18.2 0.531 
4.5 0.131 9.1 0.266 13.7 0.4 18.3 0.534 | 
4.6 0.134 9.2 0.269 13.8 0.403 18.4 0.537 | 
Rel. 3-104. 
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Accuracy of Various Analytical Techniques 


The following tables were provided by the U.S. Bureau of Mines. In the 
following tables, these abbreviations are employed. 


ICP = Induction Coupled Plasma Arc 
OES = Optical Emission Spectrographic Analysis 
FA © Fire Assay 
AA © Atomic Absorption Spectrophotometry Analysis 
Lower Detection Limits for ICP and OES. 
Ppm in 
Samples ug/ml Elements 
0.01-0.1 0.0001-.001 Be, Mn, Sr 
0.1- 1.0 0.001- .01 Ba, Cd, Co, Fe, Li, Ti, Y 
1-10 0.001- .01 Ag, Au, B, Cr, Cu, Hg, La, 
Mg, No, Nb, Ni, Pb, Pd, Pt, 
Sa, Th, V, Za, 2r 
10-50 0.1-0.5 Al, As, Bi, Ca, Ga, K, Na, 
P, Sb, Te, U, W 
100-1000 1-10 Se, Si 


Lower Detection Limits in Troy Oz/St. 


Element FA FA/ICP FA/AA 
Au - 00. 0. -0009 
Ag 0.05 0.002 0.0009 
Pt _- 0.001 0.005 
Pd _ 0.001 0.001 


Minimum Sample Weight for Gold Assays 


Sample size, in grams, required for 90 percent accuracy: 


Grade 70 aesh 100 mesh 140 sesh 200 mesh 
Oz/Ton (0.212 mm) (0.150 mm) (0.106 mm) (0.075 mm) 


0.5 36.5 13.2 4.8 1.6 
0.1 207.0 74.0 26.0 9.3 
0.05 409.0 146.0 53.0 18.0 
0.01 2047.0 731.0 267.0 91.0 
0.005 4096.0 1463.0 533.0 183.0 


NB: This table assumes that the gold particles are equal in size to 
the size of the mesh. The normal size of sample assayed in the lab 
is one assay ton, 29.167 grams. This table is an estimate only and 
the values are not absolute. For fine gold ores (Carlin Type) this 
table over estimates the amount needed for assay. 
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Accuracy of Various Analytical Techniques 


Lower Detection limits for Atomic Absorption Spectrophotometry. 
DETECTION 
Limit SOLID SANDBERG PbCl2 

ELEMENT ug/al 1g/100m1 (ppa) 2531 200:1 

Ag 0.05 5 1 10 

Al 1 1,250* 25 

As 1 100 25 

Au 0.1 2 

Ba 2 200 

Be 0.03 15 1 

Bi 0.6 1n0 15 

Ca 1. 0# 100" # 60 

Cd 0.03 300 $.7 6 

Co 0.1 10 2 20 

Cr 0.1 50: 3 

Ce 0.1 

Cu 0.05 5 1 10 

Eu 3 300 

Fe 0.1 10 4 20 

Ga 1 100 
Hf 20 2,000 

Hg 10 @ 

In 0.2 3 
| K 0.1 10 2 20 

Li 0.1 10 2 20 
, Mg 0.03 3 0.7 6 
Ma 0.05 5 1 10 
Mo 0.3 50 8 200 
i Na 0.1 10 2 20 
i Nd 30 3,000 

Ni 0.1 10 2 20 
| Pb 0.3 30 8 

Pd 0.2+ 
1 Pr 10 1,000 & 
7 2 
} Rb 0.1 

Re 0.05 5 

Rh 0.1 

Sb 1 100 25 600 

Se 1 100 

Si 10 12, 500° 

Sa 1 100 

Sn 2 300 50 600 

Sr 0.1 10 

Ta 50 5,000 

Te 1 100 

ip 2 625% 

Tl 0.2 1 

V 2 200 50 

W 25 2,500 

Zn 0.05 5 1 10 

{ = Fusion ¥ = Easily Contaminated 

@ = Solvent Extraction + = 2X Dilution in Lanthanus 

* = LiBO2 


Rel. 3-104 
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& Accuracy of Various Analytical Techniques 


Lower Detection Limits for Semiquantitative OES Analysis. 


DETECTION DETECTION 
LIMIT (%) ELEMENT LIMIT(%) 
0.001 Mo 
0.001 Na 
0.1 Nb 
0.002 Ni 
0.002 P 
0.07 Pb 
0.001 Pt 
0.004 Re 
0.02 Sb 
0.04 Se 
0.002 Si 
0.001 $n 
0.001 Sr 
0.002 Ta 
0.002 Te 
0.008 Ti 
0.01 Ti 
0.01 Vv 
0.1 Zo 
0.004 zr 
0.001 Y 


ar) 


ee a ae ee 
eo nNWU aA 


Ww 


2-4 


ecosoosceosoossosososescoSoSoSCS 
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®D Grain Sizes of Earth Materials - Modified Wentworth Scale 


GRADE LIMITS 


US Standard 


Inchea Sieve Series 


161.3 


Very Large 
“11 2048 80.6 
Large 
-10 1024 40.3 Boulders 
Medium 
-9 512 20.2 
Small 
-8 256 10.1 
Large 
-7 128 5.0 Cobbles 
Small 
-6 64 yb 63 om 
° Very Coarse 
<5 32 1.26 31.5 om 
Coarse 
-4 16 0.63 16 om 
Medium Pebbles 
-3 8 0.32 8 on 
Fine 
-2 & 0.16 No. § 
Very Fine 
-1 2 0.08 No. 10 
Very Coarse 
0 1 0.04 No. 18 
Coarse 
+1 0.500 0.02 No. 35 
Medium Sand 
+2 0.250 0.01 No. 60 
Fine 
+3 0.125 0.005 No. 120 
Very Fine 
+4 0.062 0.0025 No. 230 
Coarse 
+5 0.031 0.00125 
Medium 
+6 0.016 0.0006 Silt 
Fine 
+7 0.008 0.0003 
Very Fine 
+8 0.004 0.00015 
Coarse 
+9 0.002 0.000075 
Medium 
+10 0.001 0.000003 Clay Size 
Fine 
+11 0.0005 0.0000015 
Very Fine 
0.00025 0.00000075 
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AON yd P Aaah la Gollateane’ od Got Reprinted from Classification of Rocks by Russell B. Travis, by 
Sec basal) yr ty petal bc of the Colorado School of Mines. Copyright 1956 by the CLASSIFICATION OF METAMORPHIC ROCKS 


a HANDBOOK FOR MINERAL EXAMINERS Colorado School of Mines. All rights reserved.) By Russell B. Travis 


VOLUME 50, NUMBER 1 H-3890-1 - 


_ NONDIRECTIONAL STRUCTURE 


___ Massive or Granulose 


DIRECTIONAL STRUCTURE (Lineate or Foliate) 


CHARACTERIZING 
ACCESSORY 
MINERALS 


Plutonic Metamorphism 


Regional Metamorphism 


Contact Metamorphism* Mechanical Metamorphism 


Fine Grained 
(Aphanitic) 


Medium or Coarse Grained 
(Phaneritic) 


35 Phyilitic Gneissose 


These rocks have a gneissose. 
streaked, or «regular structure pro- 
duced by intimate mixing of 
metamorphic and magmatic 


PHYLLITE is intermediate be- 
tween slate and schist. It differs 
from slate in that crystallization 


These rocks are formed by crushing and shearing wilh 
only minor recrystallizalion. if there are no Conspicuous 
irectionai features, the rock is called “crush breccia” 


as if coarse grained. and ‘ cataclasite’’ if fine grained Most . . p 

FELDSPAR METAQUARTZTE MARBLE ate. ower leery aad QUARTZ-MICA SCHIST mare wes ma en ey 
MARBLE ww. BAUCITE MARBLE MYLONITE—finely ground, foliate schist in that grains are too smal SILLIMANITE SCHIST QUARTZITE GNEISS nized as “mixed rock, y a 

CALCITE sasha ull TREMOLITE MARBLE FLASER GRANITE, FLASER DIORITE, for megascopic identification. SI BIE SHCA SCINST SILLIMANITE GNEISS cated migmatte or magma 
DOLOMITE ‘ WOLLASTONITE MARBLE FLASER CONGLOMERATE, ETC.— : GRANULITE—banding due gneiss They may originate by in- 
SOAPSTONE fy lake ; TREMOLITE HORNFELS flaser structure PHYLLONITE —a phyllite owing tts fine QUARTZ-SERICITE SCHIST to elongated quartz or jection (injection migmatile, injec- 

TALC HORNFELS—any metamorphic # ’ oh KYANITE SCHIST ngated Sedguan a tas egies 

rock with nondirectional WOLLASTONITE HORNFELS AUGEN GNEISS—augen structure grain to mytonitization CALCITE SCHIST (Schustose marble) feldspar grains } 
MUSCOVITE peer mo CALC-SILICATE HORNFELS— ULTRAMYLONITE—patialy fused mylonte ee ageenatione ured 
i i T called me q 
SERICITE CEL Cee Cea anes Rocks with only minor deformation may be called onginate by partial granitization or 


“'schistose."” for example “‘schistose sandstone.” by metamorphic differentaton But 


al great depth these processes ap- 


““schistose rhyolite." etc. but these are not properly 


LIGHT 


arse paring parently do not differ substantally 
Sitlimanite from the igneous processes form- 
Kyanite ing migmatite, so the products are 
ard usually indistnguistiabie 
Cordierite Migmabites are named by prefixing 
Tremolite GRANITE GNEISS the rock name of the granitic 
Wollastonite Most slates are dark colored SYENITE GNEISS material to the appropriate root as 
pass MONZONITE GNEISS “granite magmatite,” monzonite in- 
dite e eect Grancoonte ess | pn ne 
AQUARTZITE ANORTHOSITE GNEISS 
Gamet 
feannt Se ear aile DIOPSIDE MARBLE bey 4 CONGLOMERATE GNEISS 
CHONDRODITE MARBLE ARKOSE GNEISS 
MARBLE 7 PYROPHYLLITE SCHIST 
INTERMEDIATE ABOUT EQUAL P ROP ORTIONS ee SMKARN— pyroxene-garnet-carbonate capes et re GARNET-MICA SCHIST AUGEN GNEISS—-auyen 
(Includes Red OF LIGHT-COLORED AND Glaucophane SOAPSTONE-chelly tal emai ee pig ih fon Hoeeergm ds 
or Brown DARK-COLORED MINERALS Anthophyilite HORNFELS—any metamorphic KYANITE HORNFELS ANTHOPHYLLITE SCHIST STAUROLITE GNEISS 
it 

Pyrophyllite rock with nondirectional ANTHOPHYLLITE HORNFELS STAUROLITE-KYANITE SCHIST PLAGIOCLASE GNEISS 
Chloritoid structure : CALC-SILICATE HORNFELS SILLIMANITE-GARNET SCHIST GARNET GNEISS 
Actinolite SERPENTINE SERPENTINE* GRAPHITE SCHIST MUSCOVITE-BIOTITE-QUARTZ 
Tourmaline CORDIERITE-ANTHOPHYLLITE CALCITE SCHIST (Schistose marble) GNEISS 
Epidote HORNFELS SCHISTOSE QUARTZITE KYANITE GNEISS 
Chiastolite GRANULITE—banding due 
Olivine to enlongated quartz or 
Serpentine feldspar grains 
Chiorite 
Biotite 
Graphite 
Chondrodite 


METAQUARTZITE 
MARBLE 


QUARTZ Scapolite GREENSCHIST 
CALCITE GRAPHITE MARBLE CHLORITE SCHIST 
DOLOMITE aehae Gunmen CHLORITOID SCHIST 
METAQUARTZITE SKAAN—pyroxene-garnet-carbonate GLAUCOPHANE SCHIST 
FELDSPAR MARBLE Aram SILTY SLATE AMPHIBOLITE QUARTZ DIORITE GNEISS 
SKARN—pyroxene-gainet-carbonate GREEN SLATE (HORNBLENDE SCHIST) DIORITE GNEISS 
CHLORITE orks od hes} hd aeipam othe SLACK SLATE ACTINOLITE SCHIST sapnd tncias 
DARK HORNBLENDE GRAPHITE MARBLE ppd pa ddinn hl Bye ide SPOTTED SLATE GRAPHITE SCANS PERIDOTITE GNEISS 
: CHLORITE MARBLE ANDALUSITE SPOTTED SLA Ht DIABASE GNEISS 
(Includes Green) SERPENTINE SERPENTINE MARBLE (Ophicaccite) i temo Rae 9 CHIASTOLITE SPOTTED SLATE EPIDOTE-CHLORITE SCHIST PYROXENE GNEtSS 
PYROXENE rock with nondirectional ANDALUSITE-BIOTITE HORNFELS CARBONACEOUS SLATE SCHIST EPIDOTE GNEISS 
U: 
ACTINOLITE structure SERPENTINE* CALCAREOUS SLATE BIOTITE-CHLORITE SCHIST GARNET-BIOTITE GNEISS 
sey aay ene ECLOGITE—pyrope-amphacite hornfels pinche —— 
EPIDOTE ee te TOURMALINE SCHIST AMPHIBOLITE GNEISS 
OLIVINE CORDIERITE HORNFELS ea: eee 
AMPHIBOLITE chiefly horn GARNET-PYROXENE AMPHIBOLITE 
MAGNETITE cate GARNET-CHLORITE SCHIST 


and or plagioclase 


As can be noted from the chart, naming a metamorphic rock consists chiefly of prefixing the structural term with mineral names or an appropriate rock ‘ “SERPENTINE is a product of hydrothermal alteration which some authorities consider to be an igneous FREQUENCY OF OCCURENCE: 
name. The rock name indicates either the original rock, if recognizable, or the new mineral composition The prefix “meta,” as “metagabbro, “metasandstone, . process and others a metamorphic process. For this reason, serpentine appears both on this chart and on This size type indicates COMMON ROCKS 
“metatutf.” etc is applied to rocks that have undergone considerable recrystallzation but have largely retained their original fabric. Most of the minerals listed the igneous rock chart This size type indicates UNCOMMON ROCKS. _ 


T ! and if present should be included in the rock name regardless of their quantity 
as accessones are genetically importan' pr Ths size type indicates RARE ROCKS. 
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eee Al mod bates. | (Reprinted from Classification of Rocks by ana Dd aes “te 
ALY OF THE COLORADO SCHOOL OF MINES permission of the Colorade School of Mines. Copyright 1956 by the CLASSIFICATION OF IGNEUS ROCKS 
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POTASH FELDSPAR >2/, TOTAL FELDSPAR | POTASH FELDSPAR '/;—2/, TOTAL FELDSPAR ‘| PLAGIOCLASE FELDSPAR >?/, TOTAL FELDSPAR LITTLE OR NO FELDSPAR 
ESSENTIAL < POTASH ASH FELDSPAR <10% TOTAL FELDSPA SPECIAL 
QUARTZ QUARTZ FELDSPAR BOT ASH FELISEML: = 1979 Rs: HIEFLY HIEFLY 
MINERALS QUARTZ <10% FELDSPATHOID QUARTZ < 10% > 10% TOTAL ; ; TYPES 
> 10% FELDSPATHOID > 10% > 10% FELDSPATHOID 5 10% FELDSPAP SODIC PLAGIOCLASE CALCIC PLAGIOCLASE AND/OR MINERALS AND 


<10% < 10% 


— : QUARTZ > 10% QUARTZ < 10% QUARTZ < 10% FELDSPATHOID > 10% OLIVINE FELDSPATHOIDS 
— QUARTZ > 10% © FELDSPATHOID < 10% FELDSPATHOID < 10% — PYROXENE > 10% 


CHIEFLY: ridmapectis 


1OTITE 
PYROXENE (IN ANDESITE) CHIEFLY: PYROXENE, URALITE, OLIVINE 
- PYROXENE ALSO: HORNBLENDE, BIOTITE, QUARTZ, ANALCITE, 
FELDSPATHOID AEGIRINE, SODIC AMPHIBOLES 
SODIC AMPHIBOLES 


CHARACTERIZING HOANBLENDE 


CHIEFLY: HORNBLENDE, BIOTITE, PYROXENE, MUSCOVITE CHIEFLY: SERPENTINE, IRON ORE 


ALSO: HORNBLENDE, BIOTITE 


ACCESSORY ALSO: SODIC AMPHIBOLES, AEGIRINE, CANCRINITE, 
MINERALS SODALITE, TOURMALINE 


CHIEFLY: HORNOLENDE, BIOTITE, PYROXENE 
ALSO: SODIC AMPHIBOLES, AEGIRINE 


715 60.4 56.0 66.8 57.0 54.1 65.3 1.6 4 

140 17.0 19.2 15.8 17.1 21.0 16.1 6.2 70 a8 164 ‘ é 7 4 
15 27 29 23 34 18 24 25 32 48 49 40 57 
14 29 1.6 13 36 3.3 23 3.8 37 6.0 5.4 71 57 
06 18 0.6 1.0 23 11 17 28 35 51 5.0 2.2 34 
16 37 2.0 28 5.4 3.2 3.9 5.4 63 89 97 44 103 
34 42 8.5 37 47 6.2 3.8 3.4 35 37 38 05 80 
43 51 53 42 37 59 27 2.1 24 19 3.5 10 24 


GRANITE SVENITE yobs prveue 
QUARTZ SYENITE— VENITE 
ear dark | 3 ite quartz LEUCITE SYENITE— GABBRO—with 5 bat PERIDOTITE 
Te * pate 
GRAPHIC TE ALKALI SYENITE—no pseudoleucite only ole alps § prerrael ftp clinopyroxene MISSOURITE — pyroxene PEGMATITE— 
EQUIGRANULAR Sean neared 7 8 NEPHELINE a te oka aoe 
graphic texture SODALITE SYENITE— QUARTZ zi orthopyroxene 2 aye HARZBURGITE—orthopyroxene VOLITE—pyroxene and sieaaged eames Nap ison 
Batholiths, lopoliths. | ALKALI GRANITE— PULAGAITE—a fete sodaiite only MONZONITE MONZONITE peel OLIVINE GABBRO— and olivine nepheine sie prabapirrs 3 
stocks. large lacco- abundant albite and seshhd feldspathoid (ADAMELLITE : GRANODIORITE DIORITE with olivine ao TESCHENITE— PICRITE—pyronene and obvine ecmelibtak: ese regular mass (having a conspic- 
liths, thick dikes, and sodic amphibole or NORDMARKITE—a little | FOYAITE—abundant ) (TONALITE) TROCTOLITE— E rinsackt with some and pseudoleucite wously comser texture-than 
silts pyroxene edsyier olivine and plagio- S DUNITE—olivine only UNCOMPAHGRITE (MELILITE ate 
CHARNOCKITE— ree ne dan MALIGNITE—abundant clase on ue Peri te PYROXENITE—pyroxene only PYROXENITE)—pyroxene APLITE 
with orthopyroxene ee ce erate ANORTHOSITE— Q ee SERPENTINE (SERPENTINITE) — 2nd mee = 
LUXULLIANITE SHONKINITE—abundant | OITROITE—with plagioclase only 5 chiefly serpentine : phanerocrystalline rock having 
tourmalinized FeMg minerals nepheline and sodalite QUARTZ GABBRO— nf Sugary (fine-grained allotriomer- 
3 with quartz a3 f phic-granular) texture 
”n 
3 
; =) LAMPROPHYRE— 
sonra i et dark dike rock with exclusive FeMg 
GROUNDM ao phenocrysts and or euhedral FeMg 
iths, dikes, sills, GRANITE ssosheenesens QUARTZ NEPHELINE QUARTZ wie PERIDOTITE sien geal 
a glacier PORPHYRY pene SVENITE MONZONITE pri ise art patentee DIORITE DIORITE GABBRO 3 : Bz THERALITE | PORPHYRY ee ae 
2 | margins of larger HYRY PORPHYRY PORPHYRY PORPHYRY PORPHYRY PORPHYRY =~ POAPHYRY KIMBERLITE —peridotite 
= | masses porphyry or breccia 
= 
S | APHANITIC | 
GROUNDMASS ae | 
; RY ANDESITE BASALT , TEPHRITE 
surface flows, margins PORPHYRY PORPHYRY PORPHYRY PORPHYRY PORPHYRY pes PORPHYRY | PORPHYRY PORPHYRY LIMBUAGITE PORPHYRY 
or larger masses, 
welded tuffs 
PHONOLITE aaehit Sina: ot 
LEUCITE PHONOLITE OLIVINE BASALT— a Fong ee 
MICROCRYSTALLINE piace tance Bes nes) ious cuore ee TRAP 5 
Dikes. sills, surface leucite only LATIFE ANALCITE BASALT : and leucite dark-colored aphanitic 
; LATITE DACITE feldspathod MELILITITE — pyroxene rock 
flows, margins of larger feldspathoid (DELLENITE) (TRACHY-ANDESITE) —with analcite BASANITE—with ara relate § ; 
masses, welded tufts. oe alte caarte QUARTZ BASALT— olivine minke Waeecteonk FELSITE— 
WYOMINGITE-leucite Soph me Mena (NEPHELINE BASALT) — light-colored aphanitic 
and phlogapite abundant olivine with olivine SETI oe 
and leucite ava 


OBSIDIAN—biack Normally it is not possible to determine the composition of these rocks. They are customarily designated by 


GLASSY PITCHSTONE—resinous the names at the left of this column. Basic glass is rare so rocks named, except scoria, will normally be silicic. FREQUENCY OF OCCURRENCE: 
Surface flows, margins VITROPHYRE—porphyritic If the approximate composition (by close association) or silica content (by refractive index or analysis), can be ae fon 
of dikes and sills, PERLITE—concentric fractures determined, the name may be prefixed by the name of the appropriate aphanitic rock, for example, “‘trachyte Hi nia! type vii COMMON ROCKS. 
welded tufts. PUMICE —finely cellular, light colored obsidian,”’ or ‘‘latite vitrophyre."’ In general, scoria is basic; basic absidian is called ‘'tachylite’’; and spherulitic eee oe virgo ase ppeerick 
SCORIA—coarsely cellular, dark colored tachylite is “‘variolite."’ Lia pinedetrma pe ono tie 


Appendix Il-E 


a evr are 
me 32 Ser a. A ; 
BPD ote GA 
eT ad ~ ap ial BR th ARS 
pide ee ta 4 PRG SAAR 


Be | i" 5¥4 SATG * ‘ ve i oom. iow i= 
} Aun 


Linen ren) ih UO 


, sae, : 7 

; j Area # st Fe, 2? 
Bes sue * . eer Gm 

a Ti Te } oer ee 

nt ea SIN AS bps RB MRR Ts So ae ee | 


eer (gen) ver PS eee” whe ee 


Pee. Acme Ener bib 
nd 
| 
¢ 7 { 
7 o | ‘ 


eee . ‘~~ . on & é 
- 
: ™ 
‘ 
© 
Ps x \ 
r >. 
: 
‘ 
, 
. = 
Me on 
¥ 
> ‘ 4 
' + 
| 
( * 
pl at > 
“ ; 
AG J “ a _ 
- Ap 
’ . 
Pimadve 
» tds 
o cm Ms 
a 
4 
t 
ie a 
! 
hae 5 
“. 
= 7 Axpte 
’ 
; i > ot 
ys _ 
- ry ‘ 5 
6 oe } 
- ' 
' 
-_ ~~ a — a ee é a 
be od 
D : > 
d= 
Sa nig be va) dh 
7 inns ¥ A aa 
' « 
‘A * sé , 


Sea hy coe : ‘Nereis a ennon XO We. (alee BS feat baisingsl (Reprinted from Classification of Rocks by Russell B. Travis, by 


vee gaik 3c loada: sisiwic? grilto iulects:. ermission of the Colorado School of Mines. Copyright 1956 by the CLASSIFICATION OF SEDIMENTARY ROCKS 


ray st ca ee SCHOOL OF MINES | ‘He 3890- bs HANDBOOKFOR ‘MINERAL EXAMINERS areas (FET vi Rolotado!Sohashog bes, All sights reserved.) | By Russell B. Travis 


GRAIN SIZE < 1/256 mm. | GRAIN SIZE 1/256-2 mm. 
TEXTURE — CRYSTALLINE, CLASTIC 
&@ OR AMORPHOUS 


COMPOSITION OF 
MAJOR 
FRACTION 


CLASTIC 


UNCONSOLIDATED - gravel (rounded), rubble (angular) 
CONSOLIDATED - conglomerate (rounded), breccia (anguler) 
SIZE GRADES (mm.) - 2-4, granules; 4-64, pebbles; 

64-256 cobbles; > 256 boulders 


CHIEFLY ONE CONSTITUENT 
Especially quartz, chert, 
or quartzite. Also shale 
or limestone. Homogeneous 
conglomerates and breccias. 


CLASTIC 


Suuicliser Apubel-.- 


CRYSTALLINE, cLAsTC, BIOCLASTIC, OOLITIC, ETC. B eicitig sel 8 ae lng CONSOLIDATED - sifistone, sandstone 


Mle. yer iets SIZE GRADES (mm.) 1/256 - 1/16, silt; 1/16 - 118 very fine sand; ED es tt SUV OR Tia 
1/8 - 1/4, fine sand; 1/4 - 1/2, medium sand; 

U2 - 1, coarse sand; 1-2 very coarse sand 
Quartz and 


, Chiefly Quartz 
> 25% Feldspar 
> 90% Quartz Feldspar 10-25% Rock Chips > 10% 
———————————— ee Ae, Te ny 


4 pred Reali greenish 


SEVERAL CONSTITUENTS 
Usually including unstable 
constituents. Mixed 
conglomerates and breccias. 


Composition as Indicated | Clay Minerals pes fe 
in left column (prefix or Clay-Size 
appropriate names for Maierial 


mixtures) 


Compositon as Indicated 
in left column (prefix aly 
appropriate names for 

mixtures) sh eS 


+4 5; Quartz, beisseae 

Rack Chips, 

Pelitic Matrix, 

Aagular| grains, Tough. 
f 


- 
sek 


bi pH Mh 
Yel Gl 


chietty Caicite or Dolomite 


Name consists of “mixed” of polycom- 
ponent’ and size grade. for example 


Name consists oi chief constituent 
and size grade, for example 


ASH—unconsoldated 
fragments under 4 1mm 


finer | onal QUARTZ PEBBLE CONGLOMERATE MIXED PEBBLE CONGLOMERATE or 
Minor Fraction hia Ca rip lll boegecthaisbs FELDSPATHIC SANDSTONE LITHIC SANDSTONE (Arkosic sandstone) Wuocnavwacne— tow in tedspar. | Vorcaue onectiAy GEERT COBBLE CIDER OMERATE caaenss coun tions tena 
safeaagteninch yin HAS Normally pink, red or ight pray 9 i, feet chips. for less angular grains. angular fragments LIMESTONE PEBBLE BRECCIA Name may include composition as GRAY- 
are possible here. H i -yyoig. tendency " chemical cement ralgpiube, ETC WACKE ANDESITE-CHERT PEBBLE 
CONGLOMERATE 


AGGLOMERATE— 
large proportion 
(> 25%) of bombs 


t 
4 
5 


ARGILLACEOUS FELDS- 


CLAYSTONE—massive, blocky structure. 
MUDSTONE—indurated mud. Includes 
claystone and siltstone. 


a 
' 


Sh a teen | 


ARGILLACEOUS MIXED (grade) 
CONGLOMERATE 


Clay 


Minerals SHALE—finely fissile. May include much silt. seou ARGILLACEDUS (rock. grade} GLACIAL TiLL—chaotic mixture 
: : a ese: ARGILLACEOUS PATHIC SANDSTONE ARGILLACEOUS LITHIC ARGILLACEOUS ARKOSE }*ARGILLACEOUS GRAYWACKE = | These rocks are classified on the z 
or Clay-Size CLAY SHALE (Argillaceous shale—chiefly << 3s ENG. eoee Sante Bente : SANDSTON son me CONGLOMERATE — uncommon of clay, sand and gravel 
ys Ail varities in the Calcite-Dolomite hori LOESS—fine sand or silt. NDSTONE Sd td oyu'4 a es omen with stable constituent TILLITE—indurated till 


clay minerals. 
ARGILLITE—highly indurated. Incipiently recrystallized. 
BENTONITE—swells and disaggregates in water. 


(mineral), or lithic material they 
contain, for example: “'vitric ithic 
ash,"" or ‘‘crystal vitric tuff.” if 
the mineralogy of the crystal or 
lithic fragments can be deter- 
mined, the name of the ap- 
propriate volcanic rock can be 


med SUBGRAYWACKE 


Materials Massive, porous, coherent 


FANGLOMERATE— alluvial fan 


zontal column are possible here. 
{ material 


ype igh of opal. 
DIATOMITE poe earth)— 


So LIMES TONE—disseminated 


SILICA 


SILICEOUS SHALE SILICEQUS OOLITE— > 50% oolitic 


diatom tests. \ Me * ORTHOQU SF 
Opal RADIOLARITE (Tripk, in part} | SILICEOUS CLAYSTONE OOLITIC CHERT—<5% colic HER ra tbeened ape Bo on Sederantay quate FELOSPATHIC ONTHOQUAR TZITE LTIC ORTHOQUARTZITE SILICEOUS ARKOSE -! 15° {1 ay pls preemies ees SILICEOUS MIKED (grade) 
fadiolarion tes’ SILICEOUS MUDSTONE DIATOMITE—diatom tes.s ee (Siliceous feldspathic sandstone) (Siliceous lithic sandstone) tuff,” of simply, “rhyolite tuff CONGLOMERAT: CONGLOMERATE 
Chalcedony SILICEOUS arth (Geyserite)—porous eIc RADIOLARITE—radiolarian tests ETC. (Siliceous quartz sandstone) Orthoquartzitic [rock, grade} 
Quartz geyser deposit ‘ All varieties in the Calcite-Dolomite hori- conglomerate) 
PORCELLANITE—orgiltaceous oF silty zontal are possible here. 


chert 


LIMESTONE—cheifly calcite, LIMESTONE—chiefly calcite, crystalline 


massive. CALCAREOUS DOLOMITE (Dolostone}—chiafly j 
CALCITE pinecone sparecggene SHALE (Limy dolomite, crystalline 
Se ne shale) etc. CLASTIC LIM STONE (Caleentd or CALCAREOUS QUARTZ CALCAREOUS FELDSPATHIC CALCAREOUS LITHIC ‘a rained} 
ie TUFA—very porous. table : MARLSTONE pt analysed apne ae SANDSTONE SANDSTONE SANDSTONE CALCAREOUS ARKOSE cAcancous SUBGRAYWACKE CALCAREOUS (1ock, grade) CALCAREOUS MIXED (grade) 
DOLOMITE TRAVERTINE —banded. coherent, denser 25-75% ray ogo i ced sg laa os CONGLOMERATE escorts Aces 
than tufa siicnaie OOLITIC limestone— < 50% ooliiiic: 
. CALICHE—lime-rich deposit formed Ns ~ COQUINA—shells, little cement 


surlace. 


near ORGANIC LIMESTONE—Richly tossiliféfous 


HEMATITE ROCK—massive hematite 
UMONITE ROCK—massive himonite 


i 


IRON MINERALS 


COMPOSITION OF MINOR FRACTION 


LIMONITIC Or sARGTIG pe HEMATITIC con id fa 
: BOG IRON ORE—earthy impure. imonite HEAMATITE OOLITE— > 5% oolitic tno SFE EO RNRMORITE or NEMATITIC 
falas Siderite eee eee perener -Coeont scat SEE SABE > 7 Sete ri haa eae pvedinaeag leg ooiedlaticl i oop nip persica tee LIMONITIC of HEMATITIC <<f'°'~°  Ferruginous) GRAYWACKE LIMONITIC or HEMATITIC LIMONITIC of HEMATITIC 
muxture of iron, silica. clay. and car- SHALE OOLITIC IRON ORE— < 50% oolitic M: jemict bs ie Coitine olornte horizertal SANDSTOME SANDSTONE SANDSTONE (Ferruginous) ARKOSE ‘LIMOMITHS o¢ HEMATITIC Ravi commend — grade) (Ferruginous) MIXED (grade) 


SIDERITE (Iron carbonate)—chietly siderite, crystalline CONGLOMERATE 


Goethite Chamosite 
Hematite 


bonale 
SIDERITE (iron carborate)—masswe 
siderite 


ETC. 


‘Goths 2 (Fatreginows) SUBGRAYWACKE 


column are meh here. 


CARBON me coat CARBONACEOUS | 
Humus-Vie BITUMINOUS—Hackly fracture SHALE, ETC.— oe cae CARBONACEOUS LIMESTONE pyrene Le ERI fo om 
eres re rena carbonized sets semi-carbonized pian hb . br vari turd CARBONACEOUS QUARTZ SANDSTONE Sineciane Se neetrane | IC Seats suai : -[:cCARBONACEOUS GRAYWACKE CARBONACEOUS (rock. grade) CARBONACEOUS MIXED (grade) 
—— ASPHALT — asphatic aati LIGNITE—brown-black well-carbonized | - An vaneties sn the Cate Dolomite horizontal Lstbgescte Baga BITUMINOUS FELDSPATHIC BITUMINOUS LITHIC BITUMINOUS ARKOSE i garaonactous SUBGRAYWACKE Serene aster 
Sapropel-Yields GILSONITE—biack. hugh luster, BITUMINOUS plant remains coluria are Dossible here SANDSTONE SANDSTONE et 1 ag UMINUS (cock. grade) BITUMINOUS MIXED (grade) 
bituminous amorphous ee ae : bead ate cect CONGLOMERATE 


ETC.—sapropelic 


& 
. 


derivatives 


MISCELLANEOUS PHOSPHORITE—phosphate rock. Me 
Phosphate (Collophane) | pocx satt—massive halite or PHOSPHATIC OOLITE— > 50% oolitic _ PHOSPHATIC LIMESTONE ree Gree i 
Evaporites syivite. PHOSPHATIC ROCK SALT—crystalline ETC. 5 PHOSPHATIC FELDSPATHIC PHOSPHATIC LITHIC PHOSPHATIC anKOse "Pensa . anced 
Halite and Syivit ROCK ANHYDRITE—massive SHALE, ETC. ROCK ANHYDRITE—crystalline Ml varieties in the Calcite-Dolomite horizontal PHOSPHATIC QUARTZ SANDSTONE SANDSTONE SANDSTONE aed Fen Bh t= —— PHOSPHATIC (rock grade) PHOSPHATIC MIXED (grade) 
alite and Syivite anhyéite ROCK GYPSUM—crystalline column ares possible here. ab ETc. ETC. af CONGLOMERATE CONGLOMERATE 
Anhydrite ROCK GYPSUM—massive gypsum GYPSUM SAND—clastic i 
Gypsum i 
The names in the above chart are root names and should be preceded by appropriate terms for any “conglomerate. Some common nenmineral:minor constituent terms are ‘‘tuffaceous,”’ ‘‘cherty,"’ “micaceous,"’ “‘chioritic,’’ ‘‘glauconitic,"’ and pyritic."’ The most common cement terms are given - Aas ‘ i : ; 
" significant feature of the rock. The proper order is color, structure. grain size (sandstones only), fmWnor “fossililerous,"’ “'crinoidal,’’ “ coralline, ':? clayey (argillaceous),"’ “‘silty,"’ "shaly,"’ ‘sandy (arenaceous), '’ in the chart with the root Behe Some typical rok ivames are ‘black thin-bedded micacous shale" ; hale pili eadbenpartey Recon ee pectert page apn eae ne Ses FREQUENCY OF OCCURRENCE: 
constituents. cement, and root name. Structure incides, for example, ‘‘thin-bedded,"’ ‘massive,’ and ‘‘conglomeratic."” Minor mineralogy shoud-follaw the nonmineral composition and should be restricted “gray massive, medium-grained glauconitic quartz sandstone,"’ “‘tan siliceous quartz pebble con...» a very hard, firm sandstene without porosity or chemical cement. In addition rik an Serpe ant This size type indicates COMMON ROCKS. 
“cross-bedded."’ thinly laminated," etc The size grade for conglomerates shoud immediately precede fo one conspicuous mineral not: imphed-in-the root name. It should be applied in adjective form as glomerate,”’ and “white vuggy foraminiferal limestone.’ : ‘so typically ‘have. extiemely': angular grains, a pelitic matrix, and saat aie {ins size type indicates UNCOMMON ROCKS. 


eee : seme 2 Seow Hh dai This swe tye2 indicates RARE ROCKS. 
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Appendix UV-B 


H-3890-1 - HANDBOOK FOR MINERAL EXAMINERS 


Weights of Various Rock Materials 


Lb/ = Cu. Ft/ 


& Material Density 


Cu. Ft Ton 
Andesite 2.4-2.8 160 1235 2.16 2735 
Anorthosite 2.6-2.9 170 11.8 2u29 16.5 
Basalt 2.7-3.2 185 10.8 2.50 15.1 
Brucite 2.3-2.4 145 13.8 1.96 19.3 
Coal Bituminous 1.2-1.5 85 23.5 1.15 60.7 32.9 
Dolomite 2.8-2.9 180 11.1 2.43 128.6 15.6 
~  Diabase 2.8-3.1 185 10.8 2.50 132.1 15.1 
Diorite 2.7-3.0 180 is ST 2.43 128.6 15.6 
Gabbro 2.9-3.0 185 10.5 2.50 132.1 TS. 1 
" Gneiss 2.9-3.0 168 11.9 “bay i) 96.0 20.8 
Granite 2.5-2.8 165 12.1 2.23 117.9 17.0 
Gypsum 2.d-3e5 175 11.4 y Ba 125.0 16.0 
Hematite 4.5-5.3 305 6.6 4.09 217.9 9.2 
Limestone 2.4-2.9 165 pasa yay a 117.9 17.0 
' Magnetite 5.0-5.2 320 6.3 4.29 228.6 8.8 
Mica Schist 2.5-2.9 170 11.8 2.29 121.4 16.5 
Norite 2.7-3.0 180 11.1 2.43 128.6 15.6 
Nepheline 
Syenite 2.5-2.7 160 125 2.16 114.3 17.5 
Peridotite 3.1-3.3 200 10.0 250 142.9 14.0 
Porphyry Zo07220 160 12. 2.16 114.3 ya 
Quartz 2.65 165 12,1 2i23 117.9 17.0 
@ Quartzite 2.4-2.8 160 12.5 2.16 114.3 UnaS 
Rock Salt 2.1-2.6 145 13.8 1.96 103.6 19.3 
Rhyolite 2.4-2.6 155 12.9 2.09 110.7 18.1 
Sandstone 2.0-2.8 150 a | 2.03 107.1 18.7 
Shale 2.4-2.8 160 1225 2.16 114.3 17.5 
Siderite 3.0-3.9 215 9.3 2.90 153.6 13.0 
Slate 2.5-2.8 165 i221 POLE 17.9 17.0 
Talc 2.6-2.8 170 11.8 2.29 121.4 16.5 
Trap Rack 2.6-3.0 175 11.4 2.37 125.0 16.0 
Tuff 2.0-2.6 145 13.8 1.96 103.6 19.3 
BLM MANUAL 
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Appendix IV¥-C 


Weights of Rock, Quarry, and Construction Materials 


e 


Weights of Rock, Quarry, and Construction Materials 


Material Pounds/Cubic Yard 

~ (Bank) (Loose) 

Caliche 2430 
Cement, Portland 2700 2250 

Cinders, Blast Furnace 1540 

Coal, Ashes & Clinkers 1080 
Clay, Compact Natural Bed 2040 2210 

_ Clay, Dry Excavated 1850 
Clay & Gravel, Dry 2700 1930 
Ss Clay & Gravel, Wet 3090 2200 
Coal, Anthracite 2300 1700 
Coal, Bituminous 1900 1410 
Coke 650- 850 
Concrete 3240-1400 2330-2950 
Concrete, Wet 3500-3700 
Copper Ore 3800 2800 
Earth, Dry Loam - 2100 1550-1830 
Earth, Moist 2700 2080-2250 
Earth, Wet 3370 2700-2800 
Earth, Sand, & GRavel 3100 2640 
Earth & Rock 2500-3200 1920-2460 
Granite 4500 2520-3000 
Gravel, Dry, Loose 2570 
Gravel, Wet, Loose 3200 
Gravel, Dry, 1/4" to 2” 2840 
; Gravel, Wet, 1/4" to 2” 3380 
oa Gravel, Pit Run, (Graveled Sand) 3240 
Gypsum 4500 2700 
Limestone 4400 2660 
Rock, Well Blasted 4000 2680 
Sandstone 3000 2600 
Sand, Dry 3250 2900 
Sand, Moist 3400 2980 
P) Sand, Wet 3600 3250 
Sand & Gravel, Dry 3320 2920 
Sand & Gravel, Wet 3900 3380 
Shale, Riprap 2800 2100 
Slag 3670 2970 
' Stone Crushed 3240-3920 2400-2900 
Taconite 4050-5400 2900-3860 
Trap Rock 5000 3340 
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Apperidix IV-D, page 1 
H-3690-1 - HANDBOOK FOR MINERAL EXAMINERS 


Average Density, Weight, and Volume of the CGmmon Ore 


BP and Gangue Minerals 


Average Density, Weight and Volume of Common Ore Minerals 


Specific Pound per Cubic Feet 
Rock Gravity Cubic Foot per Short Ton 


Anglesite 6.20-6.40 386-400 5.00-5.17 
Argentite 7.30 455 4.36 
Arsenopyrite 6.07 379 5.28 
Azurite 3.77 236 6.47 
Bentonite 2.50 156 12.82 
Bornite 5, 05+5.08 316-318 6. 30-6. 33 
Carnotite 4.10 256 7.81 
Cassiterite 6.80-7.10 425-043 &.50-4.70 
Cerussite 6.55 408 4.90 
Chalcocite 5.50-5.80 344-362 5.52-5.81 
Chalcopyrite 4.10-4.30 253-269 7.43-7.91 
Chromite 4.60 288 6.94 
Chrysocolla 2.00-2.40 125-150 13.3-16.0 
Cinnabar 8.10 505 3.95 
Cobaltite 6.33 396 5.05 
Copper 8.95 556 3.58 
Cuprite 6.90 375 5.33 
Enargite 4.43-4.45 276-278 7.23-7.24 
Galena 7.40-7.60 426-465 4.30-4.70 
Garnierite 2.20-2.80 138-175 11.43-14.49 
Gold 15.0-19.30 938-1206 1.66-2.13 
Goethite 4.37 272 7.35 
Gypsum 2.32 145 13.79 
Halite 2.16 135 14.81 
Hematite 5.26 328 6.10 
Hemimorphite 3.40-3.50 212-219 9.20-9.45 
Limonite 3.60-4.00 213-238 8.40-9.40 
Magnetite 5.18 329 6.08 
Malachite 3.90-4.00 243-250 8.00-8.20 
Marcasite 4.89 306 6.54 
Millerite 5.30-5.70 331-356 5.62-6.04 
Nolybdenite 4.62-4.73 289-296 6.76-6.92 
\ Orpiment 3.49 218 9.17 
Pentlandite 4.60-5.00 288-312 6.40-7.00 
Perlite 2.20-2.40 137-150 13, 33-14.60 
Platinum 21.45 1340 1.40 
Proustite 5.55 . 347 5.76 
Pyrargyrite 5.85 366 5.46 
Pyrite 5.02 314 6.37 
’ Pyrrhotite 4.58-4.65 286-290 6.90-7.00 
Realgar 3.48 218 9.17 
Scheelite 5.90-6.10 396-381 5.25-5.49 
Silver 10.50 655 3.14 
Smithsonite §.35-4.40 272-275 7.30-7.40 
Sperrylite . 10.58 661 3.03 
Sphalerite 3.90-4.10 244-253 7.80-8.20 
Stannite 4.40 275 7.00 
Stibnite 4.52-4.62 283-289 6.92-7.07 
Sylvite 1.99 _ 124 16.13 
Talc 2.80 175 1 BE. 
Tennentite 4,.60-5.10 288-319 6.27-6.94 
Tetrahedrite 4.60-5.10 287-319 6.27-6.95 
Uraninite . 9.90-9.70 563-606 3.30-3.55 
Vanadinite 6.70-7.10 419-444 4.50-4.77 
Wolframite 7.00-7.50 438-469 4.26-4.57 
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48981" —AAND BOOK’ POR MINERAL EXAMINERS 


Average. Density, ; Weight... and Volume, of, the Common Ore 
“and ‘Gangue Minerals 


inbigdzite 
Ankerite 
Rarite 
Caicite 

Bot omite 
Magrien{ te 
Quartz 
Rhifochrosite 
Rhddonite 
Siderite 


BLM MANUAL 


ad 


cash itt bf 
, t 
aici it fone 


Average Density, Weight, 


2,89-2.98 
2.95-3.00 
. 4.50 
ee 2892 
ett 2.85 
"3.06-3.20 

2,63 
3.45-3.70 
°3.58 3.70 
3.80 


RAS: 


181-186 
184-188 
280 
170 
178 
188-200 
166 
2.60-225 
224-231 
240 


rt 
x 


and Volume of Common Gangue Minerals 


10.75-11.05 
10.64-10.87 
7.42 

11.80 

11.25 
10.00-10.64 
12.20 
8.89-9.26 
8.66.8.93 


8.38 4 
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¥ +h : = et. a Pores, dy aad oof “ord ak th swe? 
“Diamond Drilt Core, Sizes ‘and Hole’ Voluties! 3. 


© Core Diameter Hole Diameter Role. Vokume 
Drill Series Inches inches Gai/100 F 


EW Ee at Ut aRS. 9.0 
AWG 1.185 st B90 TL DGG 
BWG 1.655 ie. 22360 14) Dated 


| NWG 2.155 es. 2.980 196.5 
@ HWG 3.000 oe 36 90t 33 ORS 
RWT 0.735 2a 8 2.175 934 git! 

0.905 4); iy pM 485 12 banca 

1.281 2.890 = By 

14750;,4 4 » 2,360 jb cp ig) ben 


22333 “ies is 2,980 nt rhage 


3.187 ae 
2.690 3;875 61.2 
3.970 5.495 123.4 
5.970 7;750 245:1 
1.062 1.890 14:6 
1.432 2.360 22.7 
1.875 2.980 36.3 
2.500 3.782 58.3 
3.344 4.828 95.1 
0.875 1.500 9.2 


AX 1.125 1.875 14.3 
BX 1.625 2.375 23.0 
NX 2125 3.000 36.7 
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